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METHODS OF STATISTICAL MECHANICS.* 
BY 
RICHARD C. TOLMAN, Ph.D. 


Professor of Physical Chemistry and Mathematical Physics, California Institute of Technology. 
LECTURE I.—THE METHODS OF STATISTICAL MECHANICS.}+ 


BARTOL RESEARCH (1) Introduction——I wish to tell you how 

FOUNDATION much I appreciate the pleasure and honor of 
Sa addressing this Institute. Benjamin Franklin 
was the chief of my boyhood heroes. I was born only a few 
miles from his birthplace, and in my earliest years I held great 
notions of becoming a printer, which, however, did not progress 
beyond inferior work on a small hand press. 

At a later time I became an admirer of that philosopher’s 
shrewd wisdom and homely sayings; and I have never ceased 
to remain such. I continue to investigate the price of my 
whistles, seek to achieve that sensible humility which stoops to 
avoid bumps on the head, and have a stroug conviction that leisure 
is indeed the only time in which a man can do things that are 
fundamentally interesting or useful. 

I have often envied Franklin the simple and heroic age in 
which he lived. What a man! Printer, inventor, philosopher, 


* A portion of the material in these lectures is taken, with the permission of 
the publishers, from a book entitled “ Statistical Mechanics with Applications to 
Physics and Chemistry,” to be published about March 1, 1927, by the Chemical 
Catalogue Co. in the series of monographs of the American Chemical Society. 

+ Delivered at the Stated Meeting of the Institute held Wednesday, Novem- 
ber 17, 1926. 


(Note.—The Franklin Institute is not responsible for the statements and opinions advanced 
by contributors to the JOURNAL.) 
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statesman, diplomat, and with no lack of interest in the pleasure: 
of more common men, he still found time to be a scientist of parts 
Such careers are no longer possible. Science has become too hari! 
and complicated. Kites and twine will no longer suffice to bring 
new fire from the skies. Some few gifted physicists can do a 
great deal with a lump of wax and some bits of glass, but most 
of us need all the facilities that an elaborate shop can provide and 
in addition have to struggle with a necessary but formidable elabo 
ration of mathematical technique undreamt of by Franklin. 

In the three lectures which I am to give, I am going to 
describe some of the methods and results of the science of 
statistical mechanics, a difficult and intricate, but nevertheless 
essential, branch of mathematical physics, whose development 
was not even commenced until many years after Franklin’s death. 

In the case of very complicated systems such as those studied 
by the chemist and biologist, it is very difficult, if not impossible, 
either to observe experimentally or predict theoretically the precise 
behavior of all the elements of any given system. Even if the 
chemist were told at a certain instant the exact locations, orienta- 
tions, and velocities of all the atoms and molecules of which a 
reacting mixture is composed, and given the precise laws govern 
ing their individual behavior, the complexities of calculation would 
prevent him from predicting, even a fraction of a second later, 
the positions and chemical combinations of these elements. And 
for the biologist with his even more complicated systems, which 
consist not of a single reacting mixture but of an integrated com 
bination of reaction zones, with an interplay between them of the 
physical-chemical processes taking place therein, the problem 
would be even more impossible of solution. 

Nevertheless, in spite of the impossibility of precise obse 
vation and prediction, the chemist and the biologist have not bee: 
deterred from their labors. Even if they cannot follow, no: 
predict, the exact behavior of individual elements, they can 
observe and predict with remarkable surety the gross behavior 
of their systems as a whole. Each time that the chemist touches 
a match to a soap-bubble full of hydrogen and oxygen, he obtains 
an explosion; each time the bacteriologist autoclaves his glass 
ware he kills the bacteria therein; and each time there is a war. 
I am afraid that the sociologist can predict that rich men wi!! 
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profiteer and poor men die. These complicated phenomena do 
not lie beyond the realm of law and predictability. 

To investigate the laws that do describe the gross behavior 
of systems containing many molecules, the science of statistical 
mechanics has been specially devised. The essence of its method 
consists in abandoning the attempt to predict the exact behavior 
of each molecule of a given system, and in determining rather 
by statistical methods what, on the average, will be the behavior 
of a great number of systems of similar constitution to the one 
of interest. The appeal thus made to the methods of statistics 
in the realm of physical chemistry is hence quite similar to the use 
of statistics in the biological sciences. More and more the chemist 
must turn to the methods of statistical mechanics in order to 
continue the theoretical development of his science, since he 
always deals with such a complicated collection of atoms that 
other methods are hard to apply. 

(2) Comparison of the Methods of Ordinary and Statistical 
Mechanics.—A better idea of the methods of statistical mechanics 
will be obtained if we compare them first with those of ordinary 
mechanics and then with those of thermodynamics. 

To take a concrete illustration, let us consider a gas composed 
of a large number of similar molecules moving about in all direc- 
tions inside the walls of a container. And for simplicity let us 
take the molecules as small rigid elastic spheres. 

To apply the methods of ordinary mechanics to such a gas, 
we should have to know at some given instant the positions and 
velocities of all the molecules. We could then foresee the col- 
lisions that were about to take place among the molecules them- 
selves and between the molecules and walls of the container, and 
by applying the principles of the conservation of energy and 
momentum to these collisions could predict their result. We 
should thus, theoretically, be able to follow the further behavior 
of the gas and predict its condition at any future time. Practi- 
cally, however, we should be lost in our calculations before the 
lapse of a thousandth of a second. 

The difficulty of thus using the methods indicated by ordinary 
mechanics led in the older kinetic theory of gases to the introduc- 
tion of various artificial simplifications, which are not now neces- 
sary, such as the assumption that all the molecules had the same 
velocity distributed in random directions, thus neglecting the 
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effect of collisions between the molecules themselves in changing 
the velocity. With the help of such simplifications, the methods 
of ordinary mechanics can lead to a number of valuable approxi 
mate results. ; 

To apply the methods of statistical mechanics to determine the 
behavior of a gas, such as we have just postulated, we do not tr) 
to investigate the behavior of a single sample of the gas. Instead 
we consider an infinite number, or ensemble, of samples of the 
gas, started off with their molecules having all possible combina 
tions of positions and velocities. Even though we cannot predict 
the precise behavior of any single sample of the gas, nevertheless, 
surprising as it may seem, we are able by the application of the 
principles of mechanics to obtain information as to the statistica 
behavior of the whole ensemble, and thus to draw conclusions 
as to the probable behavior of a single sample. Thus, for exam 
ple, we find that of all the samples in the ensemble only an infini 
tesimal fraction of them will have the velocities of their molecules 
distributed in a manner appreciably different from that given by 
the Maxwell distribution law, and hence conclude that any given 
sample of gas will probably have the Maxwell distribution oi 
velocities, and if displaced therefrom will tend to assume that 
distribution of velocities when left to itself. 

At first sight it may seem surprising that the indicated method 
should be so powerful. A single sample of the gas with its many 
molecules was so complicated a system that we could not directly 
predict its future behavior, and yet by going to the much more 
complicated system of an infinite ensemble of similar samples we 
appear to obtain such predictions as to behavior. The apparent 
paradox, however, is dependent on the circumstance that in the 
first case with the single sample we attempted to predict the actual 
behavior of this single sample; with our new method, on the 
other hand, we content ourselves with a determination of the 
statistical behavior of the ensemble, and hence a prediction as to 
the probable behavior of a single sample. 

A similar situation arises in the biological sciences. Thus a 
given man between the ages of thirty-four and thirty-five is such 
a complicated system of atoms and molecules that it is impossible 
to predict whether or not he will die within the coming yea 
Nevertheless, in a given country we have very reliable statistics 
as to the number of men per thousand between the ages of thirty 
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four and thirty-five that die per annum, and hence we can make 
a very satisfactory prediction as to the probability or not that 
the man in question will live throughout the year. In this biologi- 
cal case the prediction is based on statistical laws obtained as a 
result of observations, while in the physical-chemical cases which 
will be of interest to us, the statistical laws are obtained as the 
result of deduction from the laws of mechanics. Nevertheless, 
the reason for the appeal to statistical methods is the same in both 
cases, the complexity of the systems making the use of more direct 
methods difficult. 

The impression, of course, must not be gained that statistical 
mechanics can be profitably applied only to systems which are 
too complicated to permit the application of ordinary mechanical 
methods. Also in the case of a system of only a few degrees of 
freedom governed by simple equations of motion, we can consider 
an ensemble of such systems and discuss the statistical behavior 
of this ensemble, as has been particularly emphasized by Prof. 
E. B. Wilson. An application of this kind can be of importance 
in case the initial values of the codrdinates and velocities of the 
system at some given instant are unknown or not of interest. 
Nevertheless, for the most part, the chief driving force in the 
actual development of statistical mechanics has been the possi- 
bility of application to physical-chemical systems with many 
degrees of freedom corresponding to their many molecules, and 
the chief interest has been the practical one of elucidating the 
behavior of these complicated systems by a method that has 
elements of superiority over any other. 

(3) Comparison of the Methods of Statistical Mechanics and 
Thermodynamics.—For the theoretical treatment of the behavior 
of complicated physical-chemical systems, the method of thermo- 
dynamics has been used in the past even more than that of statisti- 
cal mechanics. A comparison of the nature of the two methods 
and some estimate of their relative advantages will be of interest. 

If we first compare the two sciences as to the certainty of 
their foundation and the rigor of their development, the advan- 
tage most certainly lies with thermodynamics. 

The whole of classical thermodynamics is based entirely upon 
two postulates, the first and second laws of energy, and must be 
regarded merely as the logical system of theorems which can be 


*E. B. Witson, Annals of Math., 10, 129, 149 (1909). 
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drawn from these postulates by applying them to different types 
of physical-chemical systems. Moreover, the truth of the two 
fundamental laws, at least as far as the macroscopic behavior o{ 
physical-chemical systems is concerned, can hardly be questioned, 
deviations from the laws have never been found, and the whole 
past history of successful application furnishes a vindication oi 
the starting-point. We must regard the theorems of thermo 
dynamics as among the most certain posséssions of science. 

On the other hand, when we turn to statistical mechanics we 
find a much less certain foundation, and for parts of the science 
a less rigorous method of development. 

The first underlying assumption, in the application of the 
science, is the hypothesis of the atomic and molecular structure 
of matter. This general hypothesis no longer has to withstand 
the attacks of the older school of physical chemists, influenced by 
Ostwald’s point of view that the scientist should give attention 
only to observable phenomena. Nevertheless, just at the present 
moment, the physicists themselves, greatly influenced by the 
development of the general theory of relativity, which concerns 
itself only with observable space-time coincidences, are tempted 
to follow Heisenberg’s lead in hoping that the difficult problems 
of the quantum theory can be solved by neglecting the atomic 
constitution of matter and concentrating attention solely on the 
observed relations as to the frequencies and intensities of spectral 
lines. In any case, even though we feel justified in accepting 
as one of our starting-points the general theory of atomic struc- 
ture, we find in the course of our development of statistical 
mechanics many times a necessity for specific hypotheses as to the 
precise nature of atoms and molecules, which at the best can be 
regarded only as necessary simplifying assumptions. 

Having started with the hypothesis of the atomic structure 
of matter, the method of statistical mechanics then consists in 
applying the laws of dynamics to determine the behavior of an 
ensemble of systems, each system itself composed of atoms and 
molecules. In the time of Gibbs and Boltzmann there would 
have been few to question this procedure. The laws of dynamics, 
as codified for example in the form of Hamilton’s principle, 
are certainly a valid abstraction drawn from actual experiments 
on the behavior of moving bodies of macroscopic size, and the 
danger of applying these same laws to the motions of molecules 
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was then but dimly appreciated. To-day, however, the develop- 
ment of quantum theory has indicated that the most satisfactory 
treatment of atomic and molecular behavior may involve a com- 
plete revision of the laws of dynamics and perhaps even of our 
notions as to the continuity of space and time. 

At the present time it seems best to try to solve this difficulty 
by first developing what may be called the classical statistical 
mechanics based on the older laws of dynamics. We can then 
regard this as a limiting case, valid when high frequencies of 
periodic motion are not involved, and later introduce, perhaps 
somewhat arbitrarily, those modifications which seem most suit- 
able for the treatment of the great group of quantum phenomena. 

One further lack of rigor in the method of statistical 
mechanics must be mentioned. Very early in the development, 
even of its classical applications to physical-chemical systems, 
we are forced to introduce the famous ergodic hypothesis, or 
principle of continuity of path. The introduction of this hypoth- 
esis is certainly justified by its results, and the reasons for its 
introduction in a suitably modified form can, as I shall hope to 
show you, be made plausible. Nevertheless, this hypothesis still 
presents a baffling problem for further study. 

This concludes our statement of the sources of lack of rigor 
in the method of statistical mechanics. They are: First, the 
assumption of the atomic hypothesis itself, not so much the gen- 
eral assumption of the atomic structure of matter as specific 
assumptions as to atomic properties which must be made from 
time to time in the course of the development; second, the appli- 
cation of classical dynamics to describe the behavior of atomic 
systems, arbitrarily modified to take account of quantum phenom- 
ena rather than revivified by the newer dynamics which is yet 
to come, even though it is already heralded by birth pangs; and 
third, the introduction of the ergodic hypothesis which has to be 
made in order to make possible the important applications to 
physical-chemical systems that we desire to obtain. 

It should be remarked that this lack of rigor is not resident 
in the science of statistical mechanics per se, but only arises 
when we come to actual applications to the problems of physics 
and chemistry. Nevertheless, we are interested in comparing the 
methods of thermodynamics and statistical mechanics as applied 
to actual physical-chemical systems, and for this purpose there 

VoL. 203, No. 1216—36 
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is no question that thermodynamics at the present time is superior 
as to rigor. 

If we turn our attention now, however, to the results that can 
be achieved by the two methods, the balance is all in the favor 
of the newer science. 

In the first place, as has been shown particularly by the work 
of Boltzmann and Gibbs, the two laws of thermodynamics may 
themselves be regarded as derivable from the principles of statis 
tical mechanics and interpretable as the necessary result of atomis- 
tics. Hence all the possible conclusions of thermodynamics can 
in this way at least be indirectly obtained from statistical 
mechanics, although there are often advantages in their direct 
derivation, since the theorems then obtain a more intimate atomis- 
tic interpretation. 

In the second place, the properties of matter enter the equa- 
tions of thermodynamics merely as empirical parameters whose 
values have to be determined by actual measurements made upon 
macroscopic systems. In the treatments of statistical mechanics, 
however, the actual values of these quantities are often deducible 
from their atomistic interpretation. Thus, for example, in 
thermodynamic deductions, specific heats of gases and solids, heats 
of reaction and equilibrium constants enter the equations and 
are related one with another. Their absolute values remain, how- 
ever, unknown. In statistical mechanical treatments, however, 
values of specific heats can be obtained from a consideration of 
the number of degrees of freedom of the system in question and 
the extent of their excitation; values of heats of reaction are 
gradually being related to the energy levels of atoms and mole- 
cules as determined from spectroscopy; and absolute values 
of equilibrium constants are obtained by considering the rela- 
tive probability of different arrangements of the atoms to 
form molecules.” 

In the third place, even in the field of equilibrium relations, 
for the treatment of which thermodynamics is specially fitted, laws 
arise which thermodynamics must use but cannot derive. Thus 
in particular the gas laws and the equations of state for matter 
in any form can for thermodynamics be only empirical facts, but 


* The third law of thermodynamics essays this same task of determining 
absolute values of equilibrium constants. The correct formulation of the third 
law, however, involves statistical mechanical interpretation. 
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for statistical mechanics they are already either deduced or in any 
case deducible by methods we can now foresee. 

In the fourth place, for a system which is not in equilibrium, 
thermodynamics can only tell us that those changes are permitted 
which involve an increase in entropy. It can give us no infor- 
mation as to the velocities with which the permitted changes will 
take place and hence in actuality usually gives us no prediction as 
to what will really happen in a system which is not in equilibrium. 
Thus such questions as rates of diffusion and evaporation, rates 
of thermal and electrical conduction, rate of momentum transfer, 
and rates of thermal and photochemical reaction, all lie beyond 
the power of thermodynamic reasoning. They are, however, 
amenable to statistical mechanical treatment. 

Finally, when phenomena arise which are essentially atomistic 
in character, thermodynamics can of course have absolutely no 
help to give. The Brownian motion of particles, the fluctuations 
in the density of a fluid, the differences in the velocities of elec- 
trons from a hot filament, and the distribution of thermal 
radiation among its different frequencies, all furnish problems 
which statistical mechanics may treat, but which a non-atomistic 
thermodynamics must actually fail to recognize. 

This long recital does not exhaust the achievements of statis- 
tical mechanics. It will give some idea, however, of the power 
of the method and the scope of its attack. The future of theo- 
retical chemistry is dependent on its applications and there will 
be a mutual and advantageous interplay in the development of 
these two sciences. 

We are now ready to proceed with the development of statis- 
tical mechanics. In the brief time available, all that I can hope 
to do is to sketch in outline the nature of the mode of attack, 
then state in an arbitrary fashion some of the results obtained, 
and consider some of the important applications which have 
been made. 

(4) Ensemble and Phase—As already stated, we shall not 
discuss the behavior of a single system, but rather the behavior 
of a collection or ensemble of systems, containing an enormous 
number of sample systems identical in nature with the one of 
interest. From the behavior of this collection of samples we 
shall then be able to draw conclusions as to the probable behavior 
of a single system. 


498 Ricuarp C. ToLMan. J. FL 


The different systems in the ensemble will be of the same 
structure, that is, composed of the same numbers of atoms of 
each of the different kinds enclosed in similar containers, but wil! 
differ in the positions and velocities of their component elements. 
In the language introduced by Gibbs, they will be said to differ 
in phase. 

If each system in the ensemble has m generalized codrdinates 
QO, ... Q,,and the corresponding m momenta P, . . . P,,, then 
the instantaneous phase of a system could be specified by giving 
the momentary values of these m codrdinates and momenta 
Thus, for example, if we had a gas composed of N point par 
ticles flying around inside a container, we could take the » 
coordinates of the system as the 3 N Cartesian codrdinates -r, y, 
and z for each particle, and the m momenta as the corresponding 
3 N components of linear momentum mx, my and mz for each 
particle. The reason for choosing the generalized codrdinates 
and momenta rather than coOrdinates and velocities will later 
become apparent. 

(5) Phase Spaces.—To follow the behavior of such a system, 
that is its change in phase with time, it is very convenient to 
think of its phase as given by the position of a representative 
point (phase point) in a 2-m dimensional space (phase space ) 
corresponding to the 2-m coOrdinates and momenta whose values 
are to be specified. As time proceeds the phase point for a given 
system will describe a trajectory in this 2-m dimensional phase 
space, and the phase points for all the systems of an ensemble can 
be regarded as describing stream lines in the space. This device 
has the advantage of providing a ready-made geometrical lan 
guage for discussing the behavior of the ensemble. 

If our system is composed of molecules, it is also often con 
venient to represent the values of the codrdinates and momenta 
for a single molecule, in a phase space of a smaller number of 
dimensions than that necessary for the whole system. Thus the 
phase of a single molecule having the 2-” codrdinates and 
momenta q; .-- Gn, Pi - ++ P,, could be represented by the 
position of a point in a space of 2-n dimensions. 

In order to avoid the possibility of confusing these two dif 
ferent phase spaces, it will sometimes be convenient to employ 
the nomenclature of Ehrenfest and call the phase space used fo: 
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representing the condition of the whole system or “ gas 
y-space, and the. phase space for a single molecule a p-space. 

For example, if our system is built up of N monatomic mole- 
cules, the phase space or u-space for each molecule would have 
six dimensions corresponding to the three coOrdinates and three 
momenta which specify the state of such a molecule. Thus, if I 
have a set of axes as shown on the chart, I could plot the x 
coordinate for a given molecule as an abscissa and the correspond- 
ing momentum, m+, as an ordinate. I could then take an axis 
perpendicular to the chart for plotting values of the y coordinate 
and a fourth dimensional axis perpendicular to the first three for 
plotting values of my and then two more fifth and sixth dimen- 
sional axes for z and mz. The fact that I cannot construct an 
actual six-dimensional space for plotting my point does not pre- 
vent the use of the convenient geometrical language which this 
conceptual method presents. 

Having finished with the first molecule, I can now go on and 
put in six more axes for each of the remaining N —1 molecules 
and thus obtain a 6-N dimensional phase space or y-space for the 
whole gas. The position of a point in this final y-space will then 
represent the instantaneous positions and momenta for all the 
molecules of the gas, and as the molecules fly around and collide 
with each other and the walls, the representative point will move 
around in this y-phase space in a way determined by the laws 
of mechanics. 

(6) Distribution of the Ensemble in Phase-——If we return 
now to our whole ensemble of systems, it is evident that each 
system in the ensemble will give us a point in the y-space. We 
may initially distribute these points in any way we desire, and 
then follow their motion as they describe stream lines in this 
space. We shall define the density of distribution p at any 
position in the phase space as the number of points per unit 2-m 
dimensional volume at the position in question. 

Different methods of initially distributing the points in the 
phase space can be used for different purposes. The three dis- 
tributions that have been most employed are the canonical ensem- 
ble introduced by Gibbs and used by him and others, 

e-& 


0 (1) 


\ 


500 RicHarp C. ToLMAN. [J. F.1 


where AN is the total number of systems in the ensemble, EF 
the energy of a single system, and y and 6 are constants having 
the dimensions of energy; the microcanonical ensemble used by 
Gibbs, Boltzmann, Jeans and others, 


p=const. (when the energy lies between E and E + dE) 
p=0 (for other values of the energy) (2) 


and the surface ensemble used by Ehrenfest, in which the phase 
points are distributed on a surface in the y-space of constant 
energy with the surface density 


' The nature of these three distributions is indicated by the 
figure on the chart. The curve AB is to be thought of as repre- 
senting a surface in the y-space of constant energy E, and the 
shading in the neighborhood of this curve represents the density 
of distribution. 

All three of these distributions can be used for drawing con- 
clusions as to the probable behavior of a single system. 

The surface ensemble would at first sight seem to be the most 
suitable for this purpose, since all the systems of the ensemble 
could be given the same energy as that of the system of interest 
From the point of view of mathematical simplicity, however, the 
surface distribution is not as easy to handle as the others, and we 
shall not employ it in the present lectures. 

From many points of view, the canonical ensemble of Gibbs 
is mathematically the simplest and theoretically the most illumi 
nating. Its use, for predicting the behavior of a single system, 
is dependent on the fact that most of the systems in the ensemble 
will be found to have an energy sensibly equal to the average 
energy for all the systems in the ensemble, the fluctuations in 
energy being of the order that might be expected for a system 
placed in a thermostat, so that heat could flow in and out of it at 
will. Hence a system picked at random from the ensemble ma) 
be regarded as a fair sample of a single system left to itself. The 
canonical ensemble has also been of great value in showing the 
relation between statistical mechanics and thermodynamics, a field, 
however, which we cannot enter in these lectures. 
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The microcanonical ensemble is the one which has been most 
employed, and is the most satisfactory for our purposes. By tak- 
ing the energy range dE, within which the phase points are 
distributed in the y-space, as small as we desire, we can give all 
the systems sensibly the same energy, and shall find that we can 
then regard a system picked at random from this ensemble as a 
fair sample of a single system left to itself with an energy content 
within this small range. Most of the practical discoveries in the 
field of statistical mechanics have been obtained from a con- 
sideration of the behavior of microcanonical ensembles. 

(7) Change in Density of Distribution with the Time. 
Liouville’s Theorem.—So far we have merely said how we may 
initially place the representative points, for the systems of an 
ensemble, to obtain the three distributions known as canonical, 
microcanonical and surface, and haven’t yet said anything about 
the further behavior of these points. Evidently we must at least 
know what is going to happen to the density of distribution p in 
order to use these ensembles for drawing conclusions. The 
investigation of this important problem is made possible by the 
fact that the motion of the points in the phase space is of course 
directly related to the motion of the individual systems of the 
ensemble and these motions in turn are governed by the laws 
of mechanics. 

As a matter of fact, the problem of the change in the density 
of distribution can be treated for any arbitrary original distribu- 
tion of the points, the result being known as Liouville’s theorem. 
For our purposes we shall only need to consider one specially 
simple case of Liouville’s theorem, namely, what will happen to 
the ensemble if we originally distribute the points with uniform 
density throughout the phase space. 

To investigate this let us consider some particular cubical 
element in our phase space dQ,dQ, . . . dQd,,P,dP,... dP,, 
and turn our attention to the pair of opposite faces perpendicular 
to the Q, axis. The area of each of these faces, which are located 
at the distance dQ, apart, is evidently dQ, ...dP,,._ Hence 
for the number of points entering the first of these faces located 
at Q,, we can evidently write 


dQ, 
0" (dQz"++-dP,) 
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And for the number leaving the opposite face located at Q, + dQ,, 
we can write 


a oO ae 


Subtracting the second expression from the first, we obtain for 
the net gain per second in the number of points inside the cubical 
element 


- (ag, 3) (dQ:dQ; ---dP,,) . 


We can now proceed in a similar fashion to the other pairs of 
parallel faces and, adding, obtain for the total change in number 
of points per second, 


ad 


aQ,, dt + aF 


dP, dt 


or dividing by the volume of the element, dQ, . . . dP,,, can 
write for the rate of change of the density inside our element 


do (x dQ, a dQ, , 4 aP, 


a "Naga + tag. at top a t 


a aP, 
t aP, di 
The values of dQ,/dt, dP,/dt, etc. . . ., however, are known 
from the equations of motion, which for any dynamical system 
can be written in the Hamiltonian form 
dQ, _ 0H dP, i 
dt oP. dt aQ. 
where H is the energy of the system expressed as a function of 
the coOrdinates and momenta. Hence we have 


i) dQ, sai a 0H 
0Q; dt 4Q, aP, 
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and : o- dP, Jey - 0H 

dP, dt OP, aQ, 
And, since the order of differentiation is immaterial, we see that 
substituting pair by pair into equation (4), we shall finally obtain 
the fortunate result 


d 
“7? (7) 


In other words, if we start with our representative points uni- 
formly distributed in the phase space, they will permanently 
maintain this uniform distribution. Furthermore, since a given 
system cannot change its energy in the course of its motion, it is 
evident that the density of distribution will remain unchanged 
with time if the phase points are distributed as any function of 
the energy, but uniformly in each region between the limits 
Eand E+dE. So that we may write 


whenever the distribution is merely a function of the energy of 
the systems. 

Such ensembles, in which the density of distribution does not 
change with the time, are said to be in statistical equilibrium. It 
will be noted that the canonical and microcanonical distributions 
mentioned above would evidently give ensembles which are in 
statistical equilibrium, and it can also be shown that the surface 
distribution would also be in statistical equilibrium. 

The possibility of obtaining this significant result is dependent 
on our choice of generalized coOrdinates and momenta as the 
2-m axes for our phase space. If we had plotted our representa- 
tive points in a phase space in which the axes were the coOrdinates 
and velocities, we should not in general have been able to achieve 
so simple a result, since we could not then have obtained the sim- 
plification arising from the introduction of equations (5), which 
are dependent on the use of the equations of motion in the Hamil- 
tonian form involving the generalized momenta. This is the 
reason why the equations of motion in the canonical Hamiltonian 
form are so important for statistical mechanics and why in 
statistical mechanical work momenta rather than velocities 
practically always appear in the expressions we obtain. It is 


504 RicHarp C. ToLMAN. [J. F.1. 


to Boltzmann that we owe the clear recognition of the importance 
of using momenta in statistical mechanical considerations. 

(8) Application to Molecular Systems.—The foregoing sim 
ple result provides nearly all that is necessary for the application 
of statistical mechanics, and we are now ready to discuss the 
behavior of actual systems of molecules. 

Let us consider a system of molecules enclosed in a suitable 
container and having the energy content E. In general this energy 
content, and the components of linear and angular momenta of 
the whole system, which we shall take as zero, will be the only 
dynamical quantities of which we have any knowledge, since the 
motions of the individual particles are too complex for us to 
follow.* Hence, since we do not know the precise molecular 
configurations and velocities of our system, we must consider al! 
possible phases that such a system with the known energy content 
E might assume, and to do this we can use a microcanonical 
ensemble of systems similar to the one of interest with their 
representative points distributed uniformly throughout a shell 
which lies between the surfaces determined in the 2-m dimen- 
sional space by E and E + dE. 

(9) Introduction of the Ergodic Hypothesis—So far we 
have proceeded without the introduction of any hypotheses, except 
that the system obeys the laws of dynamics in the canonical form 
To go further, however, we must now introduce the assumption 
that such a microcanonical ensemble of systems having energies 
between E and E + dE gives a fair representation of the different 
phases which will be assumed in the course of time by a single 
system having an energy content between E and E+dk. Jo 
state this more specifically we shall have to assume that the results 
obtained by selecting a collection of systems at random from such 
an ensemble are practically the same as would be obtained by 
considering a given system at random times. 

A certain empirical justification for this assumption is given 
by the fact that so many later developments based on its use are 
found to meet the test of experiment. 


® The fact that they are beyond the powers of our observational methods 1s 
a secondary matter. The methods would be just as necessary in the case of 4 
system of equal complexity even if composed of particles of size large enoug! 
to observe easily. 
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The thecretical justification for the assumption is more diffi- 
cult and less certain, though nevertheless plausible. 

In the first place, it should be noted that the maintenance of 
uniform density in a microcanonical ensemble, guaranteed by 
equation (7), means that the representative points for the systems 
have no tendency to crowd into any particular region of the phase 
space. If such a crowding did take place, the representative point 
for any given system would at any arbitrary time be more likely 
to lie in such a region of compression than elsewhere in the phase 
space. In the absence of such crowding, however, we can defi- 
nitely state that a given system taken at any random time has an 
equal chance of being in any one of the different microscopic 
states through which it actually passes in the course of its history. 

This definitely valid conclusion is, of course, however, not 
identical with the statement that the system has an equal chance 
of being in any one of all the microscopic states which lie in the 
phase space between the surfaces determined by E and E + dE, 
since a given system may not in the course of its complete history 
be able to reach all the regions between E and E + dE. 

To meet this the ergodic hypothesis, as it was called by 
Boltzmann, or the principle of continuity of path, as it was called 
by Maxwell, makes the definite assumption that a system of mole- 
cules actually does pass through all possible microscopic states 
consonant with its energy content before completing its cycle of 
motions. This hypothesis, if true, would of course make the 
selection of random samples from a microcanonical ensemble 
absolutely identical with the consideration of a given system at 
random times and hence would justify the further procedure we 
wish to undertake. 

The ergodic hypothesis in its simple form, however, is not 
even plausible. The reéntrant orbits of astronomy have made us 
quite familiar with the possibility of an infinite number of closed 
paths for a given dynamical system all of them having the same 
energy content. Indeed, no single example of a dynamical system 
of more than one degree of freedom has ever been discovered in 
which the motion carries the system through all possible phases 
consonant with its energy content. 

It seems evident that we must reject the ergodic hypothesis in 
its simple form as not having sufficient plausibility and investigate 
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other similar assumptions which would lead to equivalent results 
We may consider three further simple possibilities. 

(a) It might be assumed that for a system of molecules with 
a given energy content there are a number of closed paths possible, 
but that one of them is infinitely longer than all the others put 
together, so that we could neglect the possibility of the system 
being on any path but the longest, and the microscopic states lying 
along this path would include practically all the microscopic states 
in the region between E and E+dE. Such a possibility was 
apparently first suggested by Jeans, but we must agree with him 
in rejecting it as being no more plausible than the assumption o| 
a single closed path itself. 

(b) A second possibility would be to assume that for a given 
energy content a system of molecules can move on any one of a 
number of closed paths, but cannot of itself get from one of thes: 
closed paths to another. It might, however, be fortuitous!) 
removed from one path to another by external agencies in such 
a way as to have an equal probability of being in any microscopic 
state belonging to any system in the corresponding microcanonical! 
ensemble. This point of view has also been suggested by Jeans, 
who has further indicated the plausibility of regarding one of the 
molecules themselves as a fortuitous external disturbing agenc) 
which acts on the system, which is now regarded as composed of 
all the other molecules present. This assumption would of course 
lead to the desired results. 

(c) A third possibility, which appears to me to be the most 
satisfactory for the purposes at hand, is to grant that there ma) 
indeed be more than one closed path for the motion of a system 
of molecules, with a given energy content—perhaps indeed a great 
many such paths. Lying along each closed path will be a succes 
sion of microscopic states, through which the system must pass 
before it rearrives at the starting-point; this, however, it wil! 
inevitably do, since we shall take the regions dQ, . . . dP, which 
specify the different microscopic states as small but nevertheless 
finite, so that there will not be an infinite number of possible states 

Let us now consider the motion of a given system when leit 
to itself. Its representative point will have to lie on one of the 
possible paths which correspond to its energy content. We can 
not say on which path, but, as we saw above, we can say that at 
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any random time it has an equal chance of being in any one of 
the microscopic states that lie along this particular path. 

So far we have introduced no assumption. Let us now con- 
sider, however, the probable nature of the different closed paths. 
It is evident that for an actual system containing many molecules, 
most of these closed paths would have to be very long. Consider, 
for example, a gas composed of many molecules moving back 
and forth between the walls of its container. Even if the mole- 
cules collided only with these walls and not among themselves, it 
is evident that we should have to wait an exceedingly long time 
before we should again find every individual molecule back at its 
starting-point, and when we allow for collisions among the mole- 
cules themselves, the time is enormously longer yet. Hence at 
least the vast majority of the paths will contain an enormous num- 
ber of microscopic states taken out from those that lie in the total 
shell between E and E + dE. 

It hence seems reasonable, since so many states have to be 
taken, to assume, by and large, that the microscopic states lying 
along the particular closed path on which the system of interest 
happens to lie are themselves a fair sample of all the different 
kinds of states present in the whole region of phase space between 
the limits EF and E+ dE. If this be admitted, any large collection 
of samples chosen at random from the whole microcanonical 
ensemble between E and E + dE will have practically the same 
properties as a collection obtained by observing the given system 
at random times, and the use of the microcanonical ensemble as 
giving a fair representation of the succession of states arrived at 
in time by a single system is justified. 

Thus, for example, in the case of a gas, it is possible to show 
that the vast majority of all the states in the corresponding 
microcanonical ensemble have distributions of molecular velocities 
that do not differ appreciably from Maxwell’s law. Hence, we 
then feel justified in believing that this is also probably true for 
the vast majority of the states lying along the particular path on 
which a given sample of the gas is to be found. 

We shall henceforth proceed on the assumption that a micro- 
canonical ensemble may be taken as giving a fair representation of 
the successive states of an actual molecular system. 

I hope that this description of the starting-point for statistical 
mechanical investigations which I have given you has not seemed 
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too involved and technical. The use of a space of more than three 
dimensions, and indeed a space of 6-N dimensions, where JN is of 
the order of a trillion, for plotting the position of a point, seems at 
first sight a very terrifying notion. It is, however, merely a 
device for providing a familiar geometrical language as a short- 
hand for talking about analytical quantities, and as early empha- 
sized by Gibbs, the results can, as a matter of fact, all be obtained 
without ever employing any language foreign to analysis itself. 

I feel sure that in any case you have grasped the main features 
of the method. A single system containing many atoms and mole 
cules is so complicated that we cannot hope to follow or describe 
its precise behavior. Hence we turn to the consideration of a 
whole ensemble of systems similar in structure to the one of 
interest, but with their molecules arranged in all possible different 
ways consonant with the energy of the system. By studying the 
statistical behavior of such an ensemble we can then make predic- 
tions as to the probable behavior of a single system. You can 
easily see that this introduces a powerful method into a very 
difficult field. The future development of most of theoretical 
chemistry and much. of theoretical physics will, I feel sure, be 
intimately dependent on the use of statistical mechanics. 

In the next lecture I shall try to describe some of the results 
that we can obtain by applying statistical mechanics to systems of 
molecules which are in equilibrium. 


SOME EFFECTS OF DILUTION AND STIRRING OF A 
PHOTOGRAPHIC DEVELOPER.* 


BY 
A. H. NIETZ and RAYMOND A, WHITAKER. 
Research Laboratory, Eastman Kodak Company. 


GENERAL DISCUSSION. 


It HAs often been assumed that if a given developer were 
diluted, the times of development required at different concen- 
trations would bear a simple relation to the relative concentrations 
of the solutions. For example: A developer of a certain strength 
which would require three minutes development, on dilution to 
one quarter that strength would require four times as long 
development, or twelve minutes. This assumption may be stated 
more clearly as follows: 

Tiey = k Dil, 


where Taev is the time of development, & is a constant, and Dil 
is the relative dilution. This can also be written 

CT iy =, 
where C is the relative concentration of the developer. 

In applying this rule to the experiments below, the relative 
concentration or dilution is used, i.e., the developer at some par- 
ticular strength is arbitrarily assigned unit concentration or dilu- 
tion. The experiments described here show that wide deviations 
occur from the assumption stated above, depending on the 
concentration range used, the nature of the developing solution, 
and on other factors. 

Our purpose was to investigate these deviations and if possible 
to determine their cause. The present work represents only a 
partial investigation of the subject carried out in one of the plant 
laboratories. The material is published largely to record results 
obtained and to suggest additional experimental work where 
possible. Except for minor fragments, practically no available 
work was found in the literature covering effects of dilution 
of developers. 


* Communicated by Dr, c. E. K. Mees, Director of Laboratory, and pub- 
lished as Communication No. 288 from the Research Laboratory of the Eastman 
Kodak Company. 
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On developing in solutions of different strengths strips which 
had been exposed behind a sensitometric tablet, reading the densi 
ties, and then plotting the density for a given exposure against 
the logarithm of the relative dilution, a curve of the general type 
shown in Fig. 1 was obtained. 

The strips for each dilution were developed the length of time 
required by the rule. If the rule held as at first supposed, the 
density would remain constant irrespective of the dilution, that is, 
the curve would be a horizontal straight line. 

Again, it was found that strengthening a certain pyro tank 
formula did not increase the density or contrast as expected. As 
the solution was strengthened the density increased slightly, and 
then decreased when the solution was made stronger. The falling 
off of density from either side of a maximum (Fig. 1) led to 
certain difficulties in explaining the phenomena. We first 
attempted to explain the first part of the curve, where the density 
increases as the dilution is increased, and thought the falling off 
of the second part of the curve, where the density falls off with 
increasing dilution, due to entirely different causes. 

After numerous experiments it was decided to consider all 
factors which might produce any variation from the dilution rule 
first stated. 

These factors are: 


(1) Penetration effects due to surface development (tanning) 
and to oxidation products in the emulsion layer (local 
exhaustion). 

(2) Penetration effects due to swelling. 

(3) The effect of excess of reducing agent. 

(4) Aerial oxidation of the more dilute solutions. 

(5) Possible variation of reducing energy with concentration. 

(6) Hydrolysis. 

(7) Effect of more vigorous stirring (probably connected 
with 1). 


Curves of the type of Fig. 1 were obtained by occasional 
stirring as in common tank methods. With more vigorous stir- 
ring the effect of some of the factors mentioned was changed 
or partially eliminated. We will therefore consider first the 
influence of these factors where development is carried on in the 
usual manner, with no mechanical stirring devices, and later 
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the modifications brought about by such mechanical stirring will 
be discussed. 
EXPERIMENTAL DETAILS. 

The general method employed was to make exposures under 
constant conditions behind a sensitometric tablet of practically 
neutral color and known transmission. The light source was 
a gas-filled tungsten lamp. The films were developed for accurate 
times, hanging vertically in tall beakers filled with developer. 
The temperature was maintained practically constant, 64° to 66° 
F., by regulation of the room temperature. The films were 


Fic. I. 


LOG: DIL: 
General effect of dilution (for a given exposure). 
moved occasionally to provide stirring and some were developed 
with the light and some with the heavy densities at the top to be 
sure that no convection effects occurred. After reading the strips 
and plotting the usual H and D curves for the two duplicate films, 
the density at a fixed exposure was read from the curve and then 
plotted against the logarithm of the relative dilution. 

The negative material used throughout was Eastman Com- 
mercial Film. This was chosen because it accentuated the differ- 
ences in density and contrast and was free from fog. Other 
materials were also tried to prove that the negative material had 
no effect on the shape of the density-log dilution curve except 
through differences in contrast. The other materials used were 
Kodak Film Pack, Kodak N. C. Film, Eastman 40, and Hammer 
Special Plates. These showed, with an elon developer diluted in 

Vor. 203, No. 1216—37 
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the usual manner, the same general density-log dilution curve, 
differing only in degrees of contrast. 


DISCUSSION OF RESULTS. 


(1) Penetration effects due to surface development (tanning) 
and to oxidation products in the emulsion layer. 

The opinion has been held that a concentrated developer acts 
mostly at the surface because rapid tanning action would occur 
at this point, retarding or partially preventing diffusion of the 
developer into the gelatin. This would consequently cut down 
the total density which might be developed. 

Further, the oxidation products would more likely be retained 
by, and diffuse less rapidly through, the outer tanned layer with 
a concentrated developer than with one more dilute, thereby 
exerting a restraining effect within the emulsion layer. To prove 
conclusively whether these effects are present, it would be neces 
sary to have microscopic sections made of the films corresponding 
to various points on the density-log dilution curve. 

Later experiments made in connection with the effect of the 
reducing energy possibly varying with dilution, give some inter- 
esting indirect evidence. It was found that the more dilute 
developers could apparently develop a somewhat higher maximum 
density (on very prolonged development) than the more concen 
trated solutions in the absence of vigorous stirring. When ver) 
rapid stirring was used the more dilute solutions not only failed 
to develop more density than strong solutions, but appeared even 
weaker, probably because of aerial oxidation, as discussed below. 

It therefore appears that without strong stirring effects of 
surface development and local exhaustion may occur in concen- 
trated developers. As these effects would tend to prevent com 
plete development of the latent image, they would make it appear 
that the dilute solutions could develop a higher maximum density, 
as shown in Table I, p. 524. 

If rapid stirring is employed, the emulsion would be subjected 
to vigorous washing which would tend to diminish the effect of 
surface tanning and local oxidation. This is what occurred 
experimentally. The fact that the more dilute solutions gave a 
higher maximum density, without stirring, than the concentrated 
solutions, might have been caused in part by the effects of varying 
degrees of swelling or of hydrolysis. As the rapid stirring 
seemed to lessen the difference between the concentrated and 
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dilute solutions as first found, it would seem that swelling and 
hydrolysis had had only a partial effect and that surface develop- 
ment and local exhaustion had been largely responsible for the 
difference. An idea of the extent to which local exhaustion 
affected the result will be obtained from the section on stirring. 

(2) Penetration effects due to swelling. 

The swelling of the gelatin film would, of course, be greatly 
variable according to the nature and concentration of the solution. 
It is well known that the swelling of gelatin varies with the 
hydrogen-ion concentration, being a minimum at a certain 
hydrogen-ion concentration which is usually near the neutral 
point, according to the particular sample of gelatin. Neutral salts 
and other substances may have specific effects on swelling. 

If the developing solution concerned contains a certain amount 
of sodium carbonate or sodium hydroxide, as is usually the case, 
on diluting this developer, we pass over a wide range of hydrogen- 
ion concentrations, and this range may be within the range where 
the swelling of gelatin varies rapidly. Further, we have present 
widely varying concentrations of certain neutral salts which may 
add to or complicate the effect on the whole curve. 

To determine whether swelling played an important part, films 
were first developed in developers which were widely different and 
the films were specially treated to soften or harden the gelatin. 

First, three hydroquinone developers were used, made up 
as follows: 


Formula. Hydroquinone. Sodium Sulphite. Sodium Carbonate. 


No. 5.5 gm. per litre) yy , 50 gm. 50 gm. 
No. 5.5 gm. per litre} / 20° 50 gm. Sodium Hydroxide 
8 gm. 
No. ; 15 gm. per litre 50 gm. Formaldehyde (40%) 
20 c.c. 


Thesé three developers, of course, produced in the gelatin 
widely different degrees of swelling. While indirect evidence, it 
is likely that some differences would be found between strips 
which had been hardened and those which had been softened. 
No differences in the shape of the density-log dilution curve from 
the normal were noted. Fig. 2 shows the results for each of the 
three formulas, which differ only in the convexity of the curves. 
Curve A is for formula 2, B for formula 1 and C for formula 3. 
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Next films were developed in an ordinary developer’ at 
various dilutions, some of the films having been previously soaked 
in sodium hydroxide solution. Though a concentration (0.25 M) 
of caustic soda which would cause considerable swelling was 


Fic. 2. 


2 1/4. 
Dilution curves tor three widely different hydroquinone developers. 

used and the time of soaking was varied, there was very little 

difference between the curves obtained by that and the ordinary 

methods. (See Fig. 3, curve A, soaked in sodium hydroxide, 

curve B, untreated.) Naturally the gelatin would not remain ai 


FIG. 3. 


Z 
v 
2 1 1/2 1/4. Ve 1/16 CONC: 


Effect of pre-swelling on dilution curve. 


the same degree of swelling when transferred from the caustic 
soda solution to-another solution, but would nevertheless be much 
different from gelatin not given the swelling treatment. 

The next experiment tried was to vary the dilution of all con- 


* Hydroquinone Formula No. 1 above. One set of films was soaked fifteen 
minutes in 0.25 M sodium hydroxide, washed five minutes and then developed. 
The other set was developed in Formula No. 1 without treatment. 
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stituents of the developer in the ordinary way, but keep the 
concentration of the alkali always the same. A number of 
experiments made in this way still gave the same type of density- 
log dilution curve. 

Fig. 4 was obtained with formula 4 below, curve A being 
obtained by the normal developer at regular dilutions, and curve B 


Fic. 4. 
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7 


1/32 


2 1 1/2 Y4 %) Vie CONC 


by diluting the developing agent and sulphite, but keeping the 
carbonate concentration constant at 50 gm. per litre. 


Paramidophenol M : ore 
Formula. Hydrochloride hae Sulphite. Carbonate. 


No. 4 7 gm. per litre 50 gm. 50 gm. 


Fig. 5 shows a similar result for formula 1, p. 513. Curve A 
was obtained with regular dilution of the developer and for curve 
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B the carbonate concentration was kept constant at 50 gm. per 
litre as for Fig. 4, curve B. 

A similar experiment was made with a caustic hydroquinone 
developer (formula 2) keeping the alkali constant. This did not 
change the shape of the dilution curve materially. Naturally the 
conditions here were slightly changed, the solution not having 
been in exactly the same state chemically as when diluted in the 
ordinary way. The ratio of alkali to developing agent was much 
higher for the dilute solutions and might have introduced other 
effects. Nevertheless, the results indicate that variations of the 
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4 2 i 1/4 1/8 1/te CONC: 
Differences between dilution with caustic soda and sodium carbonate. 
swelling do not account for the observed variation of density 

with dilution. 

A difference was noted between the shape of dilution curves 
made with a developer containing caustic soda and one containing 
sodium carbonate. This difference is shown in Fig. 2, curves 
for formula 1 (carbonate) and formula 2 (caustic soda), p. 513 
In another case the difference was more marked, though the same 
in character (Fig. 6). The formulas used here were: 


Formula. Hydroquinone. Alkali. Sodium Sulphite 


No. 5 5.5 gt. per litre 2 gm. NaOH 25.2 gm. 
No. 6 5.5 gm. per litre 50 gm. Na:CO; 25.2 gm. 


Curve A is for formula 5 and B for formula 6. 
As so many factors influence the shape of the dilution curve, 
the above difference cannot be explained for the present. 
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Different developing agents do not give exactly the same 
curves, some having very little rise in density at the beginning and 
others differing in the concentration at which the density is a 
maximum. Fig. 7 gives dilution curves for elon (curve A, for- 
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1/4 1/6 \/le /32, CONC: 
Dilution curves for three developing agents. 


mula 7 below), pyro (curve B, formula 8), and glycin (curve C, 
formula 9). 

Formula. 

No. 7 Elon 8.5 (M/20) Sodium carbonate 5s Sodium sulphite 50 
No. 8 Pyro 6.3 (M/20) Sodium carbonate Sodium sulphite 50 
No. 9 Glycin 8.4 (M/20) Sodium carbonate 5 Sodium sulphite 50 
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Curves for three different times of development. 


The difference in density between the maximum and minimum 
is dependent on the time of development employed, as shown by 
Fig. 8, which is for formula 7 (above) at three different times 
of development at unit concentrations. 

Or, referring to the rule (p. 509) 


CT iy =k, 
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the value of Tuev at C = 1, is taken in this experiment as equal to 
I, 1%, and 2 for the three curves A, B, and C, respectively. The 
location of the maximum is unchanged. 

The effect of the developing agent on the swelling is not 
known, as already stated. A great deal of very useful infor 
mation bearing on the theory of development could be procured if 
measurements were made of the swelling of the gelatin layer 
during development. Specific effects of developing agents maj 
be found when such‘work is done. 

(3) Effect of excess of reducing agent. 
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Effect of excess of developing agent. 


It has been known since the early work of Hurter and Driffield 
appeared that an excess of pyro causes a lowering of density.” 
While there are several possible explanations, it is not known 
definitely if this effect is connected with either of the two previous 
causes. It may be that the developing agent has some specific 
effects on swelling and penetration or has still another role. 

The actual photographic effect of an excess of reducing agent 
was determined. Fig. 9, curve A, shows results in pyro, curve , 
with hydroquinone. The solution consisted of, per litre, sodium 
carbonate 50 grams, sodium sulphite 50 grams, and pyro is added 
in varying amounts as indicated by the upper row of figures for 
the abscisse. The figure shows a marked reduction in densit) 


* Hurter and Drirrietp, Phot. Jour., 1898, 186. 
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when too much pyro is present. It is evident that this phenome- 
non may be partially responsible for a decrease in density at the 
higher concentrations of an ordinary developer. Fig. 9, curve B, 
is similarly for hydroquinone, the solution consisting of sodium 
hydroxide 8 grams, sodium sulphite 50 grams per litre, the 
hydroquinone concentration being indicated by the lower line of 
values under the figure. 

(4) Aerial oxidation of the more dilute solutions. 

If a developer is diluted with ordinary tap water or distilled 
water, the water itself will contain so much dissolved oxygen that 


Fic. 10. 
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Effect of saturating developer with air. 


the relative proportion of the oxygen in the water to the active 
constituent of the developer will be greatly increased as the 
dilution increases. This will cause more rapid oxidation of the 
dilute developer and a consequent falling off in density providing 
the oxidation has taken place rapidly enough. Experiments 
described below show that this more rapid oxidation is easily 
found at high dilutions, but that when all ordinary precautions 
are taken it is too slow to affect the density given by a fresh 
developer, and it is by no means the principal factor in deter- 
mining the shape of the second portion of the curve. It was first 
suggested that such oxidation entirely explained the decrease in 
density. A number of experiments showed this not to be the 
case. Water which was relatively freed from oxygen by boiling 
at low pressure, and water saturated with air by bubbling air 
through it for eighteen hours, were compared as to effect on 
dilution curves. Formula 1 (hydroquinone) was used and the 
result is seen in Fig. 10. Curve A is for water free from air, 
curve B for water saturated with air and allowed to stand four 
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hours, curve C also water saturated with air. Practically no 
difference is observed for the various conditions. In the first two 
experiments the developers were used directly after mixing. \ 
third experiment was carried out with water saturated with air 
as above, the developer then made up, and the solution allowed to 
stand four hours. If, however, the solutions had been allowed to 
stand for a much longer time, those saturated with air would 
deteriorate more rapidly than that relatively free from air. [n 
this case the difference caused by four hours’ standing was smal! 

More careful experiments were made to determine the length 
of time required to show the oxidation effect at different concen 
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Aerial oxidation at different concentrations. Hydroquinone. 


trations. Fig. 11 shows the relative densities developed by 
different concentrations of a standard hydroquinone developer 
(formula 1) when the solutions are allowed to stand for varying 
lengths of time. The ordinates are expressed as a percentage of 
the density developed when the developer is absolutely fresh. The 
abscisse are times in days. 

It is seen that the more concentrated developer gives practi 
cally the same density throughout the entire period it was fol 
lowed, but that as the concentration becomes less the density falls 
off more and more rapidly. When the developers were used 
immediately after diluting, however, the results were found 
reliable, and all developers were so used throughout the exper'- 
mental work. It was concluded that aerial oxidation was only 1” 
small part responsible for the effect shown by the dilution curve 
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The last experiment (Fig. 11) proved of great interest when 
tried with other developing agents, although the matter was but 
slightly touched. Results obtained show that developing agents 
vary much more in their resistance to oxidation when highly 
diluted than is commonly supposed from the usual comparisons 
made at relatively high concentrations. 

It is suggested that practical investigations of the keeping 
powers of developers be made in the manner described for the 
above experiment. This method has great advantages for com- 
parison of different developers, as shown by results for hydro- 
quinone and glycin, as it gives positive results within a reasonably 
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Aerial oxidation at different concentrations. Glycin. 


short time. Glycin, for example, shows its difference in stability 
from hydroquinone much more quickly and clearly at a concen- 
tration of one-sixteenth than it would at normal concentrations. 

The curves for glycin are shown in Fig. 12 (compare with 
Fig. 11). 

(5) Effect of reduction potential. 

In previous work by one of the writers,® the term “ reduction 
potential’ was used to define relative photographic reducing 
energy. This quantity was determined for a number of reducing 
agents by making use of the effect of potassium bromide in lower- 
ing the density under certain conditions. The term “ reduction- 
potential,” as previously used, is not necessarily identical with 
electrochemical reduction potential and for that reason it would 


2A. H. Nietz, “ The Theory of Development,” E. K. Monograph No. 2. 
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probably be preferable to adopt, for the time being, the term 
“relative reducing energy” when applied photographically. |t 
was suggested to the writers that the actual reducing energy oi 
the developer might be lowered when the developer was highly 
diluted. This was considered apart from the previously men- 
tioned effects. In other words, it assumes that the reducing 
energy of the developer decreases with concentration. The 
assumption was made that tne developer of lower reducing energy 
would develop less of the latent image finally, and would possess 
a lower velocity initially, giving less density within the required 
time. Were this true, there would be no relation between “ reduc- 
tion potential ” in its strict sense and “ reducing energy.” 

There is no theoretical foundation for the assumption that 
the reduction potential varies with the concentration except where 
the ratio of the concentrations of the ions of the two states of 
oxidation changes. While considerable work has been done on 
the determination of relative energy (so-called reduction poten- 
tial) by means of photographic methods, it has not been deter- 
mined that the method is unaffected by concentration. It has 
also not been definitely established that relative reduction potential 
and relative photographic reducing energy are either identical 
or related. 

According to the accepted views, the potential of the reducing 
ion R in passing to a higher oxidation stage R, is given by 
the equation 


R 
E = RT log —, 
R 


where R and R are concentrations of the two species of ions. 
This relation shows that the reduction potential depends on the 
ratio of the concentrations of the ions in the two different stages 
of oxidation, rather than on the actual concentration of either ion 
The potentials of different reducing agents vary according to the 


. : cil ch ; 
value of the ratio =” which can be maintained under the given 


conditions. For any actual concentration of R, the concentra- 
tion of R will assume a corresponding value, so that the reduction 
potential cannot be said to depend on the actual value of RK, ‘c., 


the dilution. 
Consequently, if, on applying the method previously used 
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for determining the relative reducing energy, the energy should 
appear to fall off as the dilution is increased, we might conclude 
either that reduction potential and photographic reducing energy 
are not related, or that the bromide depression method is in error 
as a measure of the energy. If the reducing energy, however, 
does not vary with the dilution, the suggested explanation of the 
density-log dilution relation is at once eliminated and we have 
further evidence that the bromide depression method gives a 
measure of a fundamental characteristic of a developing agent. 

Several experiments, first without, and then with, mechanical 
stirring, were carried out to establish this point. An elon devel- 
oper (formula 7, p. 517) was used. 114, % and 1/16 times this 
strength were employed. Density-time curves (extending up to 
an hour or more) were obtained for the above solutions. For the 
determination of the depression .o1 M potassium bromide was 
used without stirring and 0.06 bromide in the experiment with 
mechanical stirring. 

For the methods employed in studying these data, the reader is 
referred to previous publications cited. Density-gamma (D-— y) 
curves gave values of the density depressions, or amounts by 
which the density is lowered by the bromide. The reducing 
energy varies inversely with a function of the depression, that is, 
in general, the less the depression, the higher the relative energy. 

The depression was also found by computing D,, or the 
maximum developable density, from the density-time curves by a 
method described in an earlier paper.* D,. is computed from the 
observed data by use of the equation D =D, (1 —e~*'%*), The 
lowering of D,, by the bromide is the depression. 

It was interesting to ascertain if the more dilute developer 
was capable of developing as much density as the more concen- 
trated one.® Table I gives results for two experiments on the 
values of D,, obtained without rapid stirring. 

The figures show in every case not only that there is no 
decrease in maximum density with the more dilute solutions, but 
a small positive increase. It is therefore apparent that under the 
above conditions the dilute developer finally reduces more silver 
than the concentrated one. This probably occurs because of the 
effects of surface development and local exhaustion, as previously 


* Phot. J., Dec., 1920, pp. 285-286. 
*“ Theory of Development,” p. 76 et seq. 
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indicated, which prevent the stronger solutions from doing thei: 
full work, and from possible hydrolysis effects which would give 
the dilute solutions the advantage as shown below. 

Considering next the relative energies of the three solutions. 
Table II gives values of the density depressions determined |) 
both the D —y and D,, methods. 


TABLE I. 
Values of Do. Three Concentrations of an Elon Developer. 


Original Set. Second Set. 


No Bromide. | o.1 M KBr. No Bromide. 0.1 M KBr 


4.0 
4.3 | 
4-4 


The results shown in Table II are in accord with those just 
considered, more weight being given to the D-—y method than 
the maximum density (D,,) method, as the former is more sensi 


TABLE II. 


Values of Density Depression 0.1 M KBr. Three Concentrations of an 
Elon Developer. 


First Set. Second Set. 


D-y Method. Deo Method. 


| 
| D-y Method. | Do Met! 
Conc. d ree 0.2 


Conc. % 0.2 


| 0.1 


Conc. \ | (o. > 


tive and more accurate. The dilute solutions show less depressio 
and therefore greater apparent energy. 

However, with very rapid mechanical stirring as used }) 
Sheppard and Elliot,® the results differed from those above. See 


Table ITI. 
Taste III. 


Values of Density Depression. 0.06 M KBr. Three Concentrations of E 
Developer, with Rapid Mechanical Stirring D ,, method. 


Cone. 1% 0.22 
Cone. % 0.36 
Cone. 1/16 0.51 


* Jour. FRANK. INsT., 1923, p. 211. (The question of stirring is more ful!) 
discussed later.) 


April, 1927.] Tue DILuTION oF A DEVELOPER. 525 


The maximum density method could not be applied as the 
dilute solutions, especially the 1/16 concentrations, on long 
development became rapidly oxidized because of vigorous stirring. 

It is therefore concluded that under the latter conditions the 
dilute solutions deteriorate because of aerial oxidation, which is 
greatly accelerated by stirring. If there is any tendency for dilute 
solutions to show less relative energy, then the effect is masked by 
other factors when mechanical stirring is not used, as in the 
previous experiments. It seems far more probable that there is 
no change in relative developing energy but that the factors, 
surface tanning, local exhaustion, and aerial oxidation, are 
involved as indicated. 

(6) Hydrolysis. 

Before attempting to explain some chemical effects which may 
partially cause the results described, it is necessary to make cer- 
tain assumptions. The task is difficult because so little infor- 
mation is available that nothing is known about the state of the 
solutions used and the effect of the various substances on each 
other. As hydroquinone is practically the only developer which 
has been even partially studied, we will confine our discussion 
more or less to a solution containing M/2o0 hydroquinone, and 
varying amounts of sodium hydroxide and sodium sulphite. 

We assume first that the sulphite has no appreciable effect on 
the active constituent of the developer before development takes 
place, though it has an obvious effect on the dissociation of other 
sodium salts. Aside from its well-known soluble action on the 
silver halide, which is not of great magnitude, we assume that it 
does not materially alter the course of development. 

There is insufficient evidence to discuss other possible con- 
ditions arising in development through the presence of sulphite. 
Among the most important contributions are those of Sheppard 
and Mees (“ Investigations on the Theory of the Photographic 
Process,” Longmans, London, 1907, p. 151; Zeit. f. wiss. Phot., 
2:7); Andresen (Phot. Korr., 1900, p. 185); Liippo-Cramer 
(“ Eder’s Jahrbuch,” 1901, p. 44) ; Schilow and Fedotoff (Zeit. 
f. Elektrochem., 1912, p. 928) and Luther and Leubner (B. J., 
1912, pp. 632 et seq.). It seems generally recognized that sul- 
phite acts as a preservative by protecting the developer from 
oxidation and that it influences the density through its property of 
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partially dissolving the silver halides, but further than this opin- 
ions differ. Practically, in our own work, we found that con- 
siderable variation in sulphite content had little effect on the 
characteristics under investigation here and this fact made us 
skeptical of adopting as yet any definite view of the matter. 

Previous work by Frary and Nietz (J. Am. Chem. Soc., 1915, 
p. 2273) indicated that when a developer is made up of hydro- 
quinone, sodium hydroxide (or other alkali) and sodium sulphite, 
the hydroquinone is partially neutralized by the alkali, the remain 
der of the developer combining with the sulphite. The matter has 
never been further investigated. Luther and Leubner (Joc. cit.) 
found that the neutralization of hydroquinone proceeds with 
more or less rapidity according to the concentration of hydroxy! 
ions, in some cases a rather long time being required for the 
attainment of equilibrium. It may be possible that the unneutral- 
ized portion of the hydroquinone combines with the sulphite in 
amounts depending on the velocity of neutralization. 

Nothing is known definitely concerning the possible reactions 
between hydroquinone and sulphite because as yet no quantitative 
methods are known which can be successfully applied to the 
problem. The formation of the sulphonic acid derivative appears 
doubtful under conditions here employed, high temperatures and 
concentrated sulphuric acid being necessary. During the present 
work, different methods of making up the developer were em- 
ployed, and such slight differences in density were shown that 
it was concluded that the sulphite had not greatly influenced the 
state of the solution before development. In making up the 
developer by different methods (by varying the order in which 
the chemicals were dissolved, their relative concentrations, etc. ), 
many marked color reactions were observed. Some of these have 
been commented upon by Luther and Leubner. No matter what 
the color of the resulting developer, however, the photographic 
differences were very slight indeed when the solutions were fresh. 
Time did not permit systematic investigation of the effect oi 
sulphite, but a number of preliminary experiments were made. 

Those made during the present investigation (not described 
in detail here for lack of space) and earlier work’ gave results 
not always consistent but showing in general that the developed 


*A. H. Nietz, “The Theory of Development.” 
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photographic density was not affected over a wide range of 
sulphite concentrations. 

A careful comparison of sodium and potassium sulphites did 
not yield any useful conclusions. The isohydric depression of the 
ionization of the sodium phenolates formed could not be photo- 
graphically detected, the hydroquinone showing no less activity in 
the presence of sodium sulphite than with the potassium salt. 

Under these unsatisfactory conditions we will next investigate 
what part hydrolysis might play in the variations shown with 
dilution. In brief, the subject is considered because the ordinary 
developing agents unite with the alkali to form phenolates and 
these are believed to furnish the active constituent, which is the 
anion. Thus we have hydroquinone and sodium hydroxide 
reacting : 


OH OH 
() +Nnaon=> ( ) 
) + NaOH |) +H.0, 
OH ONa 
OH 


the photographically active anion formed in this case being ‘2 


O- 
It is evident that the concentration of this active anion will 
depend on the degree of hydrolysis of the phenolate. As the 
latter changes with the dilution, the subject becomes of interest. 

Most of the common developing agents in solution ready for 
use may be considered as salts of weak acids, which compounds, 
as a class, are hydrolyzed when dissolved in water. 

The degree of hydrolysis depends on the ionization constants 
of the acid and base in question, and that of the water. Where 
these constants are known we can calculate the degree of hydrol- 
ysis, h, which is the fraction of the salt which has undergone 
hydrolysis. It is this we propose to do in a few simple cases. 

The process of hydrolysis is exemplified by the reaction 
between sodium carbonate and water. 


Na:CO; + H,O —» NaOH + NaHCo,. 


In general, expressed in more modern form, this reaction is 


(B + A) + H.0 [> (B + OH) + HA. 
Voi. 203, No. 1216—38 
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For the weak electrolytes involved we have two equilibrium equa- 
tions which must be satisfied. 


(H] [OH] =Ky, 


where K, and Ky are the ionization constants of the weak acid 


and water, respectively. Taking the case of hydroquinone, we 


have: If moleculie-vitle ens eee «5 
may have: If molecular ratio FGroquinone 7 1-0 


Jou Jou 
C.H, - NaOH < C.H, N 


‘NOH 


If molecular ratio g— 207 _ _ 


O 


CHK | 
O 


The first case (equation 3) will be particularly examined. Look- 
ing back, equations (1) and (2) in this case become 


” NaOH => C,H gah H.0 
+ 2 Nai +2 : 4 
H a *\oNa : 


— /~OH 
+ ¥ 
H Hy, 
[ i No | 


[CeH, (OH)2] 


= Ky, Ky, = 1.1 X 10“ at 25°, 


(H] [OH] =Ky Ky =1.0X 10-at 25°. 
Combining, 


[OH] (CoH, (OH):] Ky 
of, Ky 
C.H | 
Ko 
We can now derive a method of calculating h, the degree ot 
hydrolysis, for the reaction 


OH 
CHK 
wa 


+H,0 => cnt + NaOH. 
OH 
ieee ae Au 
; = total concentration of salt A nae ° 
hC, = (CsH, (OH),] = [NaOH], 


aphC, = [OH], where a, is the degree of ionization of the, NaOH formed. 
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5 ae OH , 
The concentration of C,H < ions is regulated by the degree 


of ionization of the salt, which is a,, The concentration of the 
salt actually present is the hydrolyzed portion (1-/)C,. Hence 


- AH 
. - . . . J . 
the concentration of the active anion CgH,C is a, (1-h)C,, 
O 


Substituting these values in (5), we get 


[OH] [CcH,(OH)s] (aghC,)hC, aghtC, Ky 


“Peat " "a,0—-)C, a,(1—h) Ky 
. "No 


If we make the assumption ag=a,, which is approximately true, 


Ky 1.0 X 1074 : 
¥. "isco or approximately 10~ at 25°. 
A 7 
; h®C, - ‘ 
Then we have =; = 10“, from which 


I S PPOer =p , 
nik ao (4 G 7 4Cj108 -s 2C,10* ) : (7) 


By calculating the value of h for ot? ea in this manner, we 

UINAa 
arrive at the values given below. We have of course assumed 
that a,—a,, that is, that the dissociation of the monophenolate 
is the same as that of NaOH, and further that the presence of the 
sulphite does not interfere. Ky and K, have the values already 
mentioned. Normal or unit concentration is taken as M/20 
(0.05 M) developing agent, and multiples of this are expressed 
in the first column. 


TABLE IV. 


Relative Conc. of Dev. 
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It is seen that the degree of hydrolysis is very appreciable in 
the dilute solutions. 
From what has just been said, it is now seen that the con- 


: Saar +, om 
centration of the active ion CoH depends on the concen- 


O 


tration of the salt CHC, , or C,, which in turn depends on 


H 
Na 
the hydrolysis reaction. The problem now is simply to determine 
the effect of the hydrolysis on the concentration of the active 


ion. To do this a comparison is made of the concentration of 


= OH 
C,H K with C,. It was previously shown that 


—~ AOH 
[oat] =a,(1—h)C,. 
Hence 


_ OH 
| cattc 
os 
een IE ew ae 


C. 


s 


which is the ratio we want. 

a, is assumed =a, and the values of a for NaOH at 25 
are taken from Frary and Nietz.’ hi is calculated as indicated by 
equation (6). A typical set of values is given in Table V. 


TABLE V. 
— ,OH 
Conc. of mn at 25° in Hydroquinone 0.05 M, NaOH 


0.05 M, K2SOs; 0.1 M. 


a 


ai Cs b ' (wagter NOM. &%-”- 

4 .20 .022 858 830 

2 .10 .03 882 856 

I 05 .045 .90 .860 
1/2 025 .06 O17 862 
1/4 0125 .086 .932 852 
1/8 .00625 12 .944 831 
1/16 00313 .16 955 802 
1/32 00156 .22 .966 754 
1/64 .00078 .30 O74 .680 


*J. Amer. Chem. Soc. (1915) (loc. cit.). 
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Now we see at once, on looking at the last column, that the 


ee 

| cath | 
9 
c 


s 


values of the ratio = a, (I—/) rise to a maximum 


and then decrease. Plotted in the form of a curve, we have Fig. 
13. Fig. 13, by coincidence, is practically identical with that for 


F NH, 
the phenolate of paraminophenol, C.H,< a" at 18°. 
ONa 


This curve and others for several developing agents com- 
puted in the same way, of course, suggest at once a possible 


Fic. 13. 
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wae * 2 
explanation for at least a portion of the falling off in density 
observed at high and low concentrations in the density-log Dil 
curves. After many calculations and attempts to straighten the 
D-log Dil curves by computing the “ corrected ” time of develop- 
ment, it was concluded that this effect accounted only partially 
for the decreases in density. This was especially verified after 
the experiments on stirring. That it is responsible for some of 
the effects noted seems very certain. A corresponding correction 
for the time of development increases the density at the high and 
the low concentrations with the result that the upward convexity 
of the curve is reduced. 

(7) Effect of stirring. 

We have considered the various possible causes of the abnor- 
mal effects of dilution in approximately their chronological order, 
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the order in which they were studied. After finding that hydro! 

ysis did not wholly account for the results, we turned as a last 
resort to stirring, keeping in mind the results obtained by 
Sheppard and Elliott (Jour. Franx. Instv., Feb., 1923, 211). 
An apparatus very similar to the one described by them (pp. 212 

213, loc. cit.) was employed, the only difference being that radia! 
baffle plates were inserted around the vertical walls of the develop 
ing chamber, and the films hung radially outside the stirring 
helix and cylinder. In this way eddy effects were absolutely 
prevented and films could be removed from the developer ver) 
quickly and independently of each other. The speed at which the 


Fic. 14. 


COM: Te Ye 
Dilution curve for elon developer with stirring. 
helix turned was 200 r.p.m., a speed sufficient to avoid the effects 
noted by Sheppard and Elliott (shifting of a and b values). Al! 
films developed for the following series of experiments were 
stirred in this manner. 

On determining some D-log Dil curves with stirring, it was 
found that with some developers the curve had a much different 
shape. Fig. 14 is such a curve for the developer : 

Elon - a NaOH  & N /0 
8.5 gm. per litre 2 gm. per litre 25.2 cm. per litre 
On comparing with Fig. 74, which is also for an elon developer, 
though not exactly the same, it is seen that there is not the falling 
off of density at the low concentrations there was when the solu- 
tion was not stirred. 

Fig. 15 is the curve for a paraminophenol developer stirred. 

The formula used was paraminophenol hydrochloride M/20 


NazSO; 
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(7 gm. per litre) NaOH M/tIo (4 gm. per litre) Na.SO, M/5 
(25.2 gm. per litre) and KBr (0.5 gm. per litre). Here again the 
first portion of the curve has something like the shape of those 


Fic. 15. 
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2 1 /2 4 Ye Yie 1/32 tft CONC 
Dilution curve for p-a-p developer with stirring. 
for the unstirred developers, but the density holds up for the 
weak solutions. 
Fig. 16 shows a direct comparison of curves for unstirred 
and stirred solutions. Curves A and B are checks of each other 


Fic. 16. 
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Stirred and unstirred developer. P-a-p. 


for the stirred developer, while C is the result when the solution 
was not stirred. While many examples are not shown because 
of limited space, Fig. 16 is typical of nearly all the developers 
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tried, giving a fairly clear idea of how much stirring straightens 
the curve. The formula used was 


Paraminophenol 


Fig. 17 gives another similar comparison for amidol. The 
formula used was 


Amidol a | ‘i 


NaSO; 50 gm. per litre. 


) 8 gm. per litre, 


This case is particularly worthy of note, for stirring does not 
hold up the densities at low concentrations as it did with elon 


Fic. 17. 


2 CONC 1 1/2 1/4 Ve 1/16 V32. 


Stirred and unstirred developer. Amidol. 


or paraminophenol. A curve similar to Fig. 17 was obtained 
for hydroquinone. 

The falling off of density in the dilute developers when 
stirred, as when not stirred, is partly due to hydrolysis effects 
and partly to aerial oxidation. In the case of amidol (Fig. 17) 
and hydroquinone, however, rapid stirring accelerates this aerial 
oxidation, as might be expected, because not only the oxygen 
already dissolved, but also the air churned into the solution 
becomes effective in rapidly oxidizing the developer. It is thus 
found that developers like elon and paraminophenol, which ox: 
dize slowly, hold up well at great dilutions when stirred, showing 
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probably only the effect of hydrolysis. Developers like amidol 
and hydroquinone, on the other hand, oxidize quickly on standing, 
and stirring therefore causes an even more rapid decline in density 
at the low concentrations than would otherwise occur. 

The real effect of stirring in this connection is partially 
explained by the paper of Sheppard and Elliott referred to. 
Uniform and rapid stirring washes out the bromide produced in 
the emulsion almost as quickly as it is formed. As this washing 
out is relatively more prompt and thorough, the more slowly the 
bromide is formed (i.¢., the slower the development) the more 
dilute solutions have the greatest advantage from the process and 
therefore show a gain in density, causing the curve at low 
concentrations to be elevated. In this washing out process other 
products of the reaction, including oxidized or spent developer, 
also disappear. , 


CONCLUSIONS. 


The effects of dilution of photographic developers shown in 
curves I to 9, inclusive, are now thought to be caused by (in order 
of importance) : 

(1) The effect of hydrolysis in lowering the concentration 
of the active anion of the phenolate. This explanation breaks 
down for the amines, for which no satisfactory mechanism has 
yet been suggested. Unfortunately in the present investigation 
no amine, as for example, paraphenylene diamine, was used.° 

(2) The imperfect outward diffusion of the bromide and 
other reaction products formed in the emulsion layer as develop- 
ment progresses. Proper stirring eliminates this effect and gives 
a differential increase of density, favoring the dilute solutions. 

(3) Aerial oxidation accounts for a portion of the falling off 
in density with the more dilute solutions. This is, however, only 
a small amount and true practically only for developers which 
oxidize rapidly. 

(4) Penetration effects caused by surface development and 
tanning not explained by 2. These conditions, if they exist, 
would affect only the concentrated solutions. 


*Since this paper was written, a paper has appeared by Liippo-Cramer 
(Zeit. wiss. Phot., 24, Feb., 1926, p. 13) in which he has found similar effects 
for various aminophenols and ascribes the results to hydrolysis. 
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On Wireless Interference Phenomena between Ground Waves 
and Waves Deviated by the Upper Atmosphere. E. V. Appieiyy 
and M. A. F. Barnetr. (Proc. Royal Soc., A764.)—The experi- 
mental evidence for the existence of the Kennelly-Heaviside layer js 
accumulating. This is an ionized stratum of the atmosphere high 
above the earth from which electrical waves are reflected. The 
authors of this paper in a previous communication related how they 
determined the angle of incidence of electrical waves assumed to |e 
reflected from the layer, and interpreted their results “as yielding a 
direct experimental proof of the existence of the Kennelly-Heaviside 
layer, and also as demonstrating that the ‘ fading’ of broadcasting 
signals at moderate distances from the transmitter was due mainly to 
interference phenomena between two sets of waves arriving at a 
receiver with an appreciable path difference.” In the present paper 
they make use of another method published by them about two years 
ago. It is analogous to Lloyd’s mirror interference system. Let 
light fall at almost grazing incidence on a horizontal mirror and aiter 
reflection proceed to a vertical screen, upon which is incident also 
light from the same source that arrives without having been reflected. 
The two rays falling on the screen have traversed different paths, and 
may, therefore, arrive in different phases. For one length of wave 
their effects will reinforce each other; for a different length they will 
be in opposition. Substitute for the source of light the sending 
station, for the mirror the layer in the upper air and for the screen 
the receiving station. In the experimental work a station near 
Peterborough received, while two sending stations were used at 
Bournemouth and at the National Physical Laboratory. The respec- 
tive distances were 236 and 124 km. “ Considerable difficulty has 
been experienced in finding a small wave-length range suitable {or 
the experiment and free from interference by Continental broadcast 
ing stations, which often transmit to 2 or 3 A.M.” The wave-lengths 
employed were from 360 to 400 m. At the receiving station poor) 
selective amplifiers were made use of and photographic registration 
of the effect was obtained with an Einthoven galvanometer. A 
change of emitted wave-length was made uniformly during 5 secs., 
the change being 5 or 10 metres. All the 400 records taken show 
“the variation of the rectified signal current with time.” Several 
reproductions of records are given. One pair was taken between the 
same stations and with the same original wave-length, but in one case 
the change was 5 m. and in the other twice as much. In the latter 
case the record shows twice as many maxima as does the former. 

The authors interpret their observations as showing that the 
equivalent height of the reflecting layer rises gradually during the 
night only to sink rapidly about half an hour before sunrise. |! 
reflected ray disappears altogether as the morning proceeds. 
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A COMPARISON OF THE VARIATION OF INTENSITY 
AND DIRECTION OF RADIO SIGNALS. 


BY 
HERBERT J. REICH, M.S. 


Department of Physics, Cornell University, Ithaca, N. Y. 


THE marked development of the art of radio communication 
in the last few years has brought with it a growing interest in the 
phenomena of the change in direction of radio waves and fluctua- 
tion of signal intensity. Considerable experimenting has been 
done for long wave-lengths on transatlantic transmission, and 
recently several series of tests have been made under the direction 
of the Bureau of Standards of fading in the broadcast band. 
Very little work has been done, however, in comparing simul- 
taneous records of direction and intensity fluctuation in the broad- 
cast band or of simultaneous records of direction changes of 
signals from two or more stations. There is also need for further 
investigation of direction and intensity changes at the time of 
dawn or sunset, in the light of recent theory on the subject of the 
propagation of electromagnetic waves around the earth. It was 
for this reason that the experiments which form the basis of this 
paper were undertaken. It was particularly hoped that a study of 
simultaneous direction readings from two or more stations 
located in different directions from the receiving station would 
indicate whether or not an ionization gradient at the borderline 
between day and night causes a refraction of radio waves. 


APPARATUS. 


A considerable amount of time was spent in developing the 
apparatus used in the directional experiments. During the first 
tests made at Ithaca, N. Y., at the time of the total eclipse of 
1925, it was found that a regenerative receiver employing one 
or two stages of audio-frequency amplification and preceded by a 
stage of tuned radio-frequency amplification was superior to a 
superheterodyne receiver. The reason for this was that the 
regenerative receiver could be allowed to oscillate and produce a 
very distinct heterodyne whistle whose intensity could be judged 
very much more accurately than modulated signals. Another 
advantage lay in the fact that it was possible to take readings 
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just as long as the carrier was strong enough to heterodyne the 
oscillating detector, even when speech and music were too faint t: 
be distinguished. Two portable receivers of this type were there 
fore built and used in all later tests. 

The first loop employed consisted of a solenoidal coil three 
feet square mounted so that it could be rotated about both a 
vertical and a horizontal axis. Very little directional variation 
about a horizontal axis could be detected, and due to the increased 
difficulty of taking data, no variations about a vertical axis were 
recorded throughout the tests. The loop was equipped with a 
scale graduated in degrees and was turned by grasping the franx 
about which the wire was wound. 

It was soon found that this loop was unsatisfactory in several 
ways. It was necessary for the operator to stand up during the 
whole test, and due to the awkward method of turning it, it was 
impossible to take more than two readings per minute. It was 
also found to be almost impossible for one man both to set the 
loop and to record data. Another difficulty arose from body 
capacity to the loop, which at times produced such a variation 
of heterodyne frequency as to make it difficult to distinguish 
changes of intensity. 

An attempt was then made to employ two large stationary 
loops mounted at right angles to each other and connected to two 
six-inch loops also mounted at right angles, within which was a 
rotating pick-up coil which connected to the receiver. This 
apparatus would undoubtedly be satisfactory if settings were 
made on modulated signals with a non-oscillating receiver, but 
the variation of capacity between the field coils and pick-up coil 
was found to produce too great a variation of the frequency oi! 
the heterodyne tone produced by the oscillating detector. 

The set-up which was finally adopted consisted of a very light 
loop, two feet square, suspended by means of a 34” brass road 
underneath a table large enough to hold another smaller table and 
a chair. The brass rod extended through the top of the upper 
table, and a dial calibrated in degrees was fastened to the end 0! 
it. The operator sat at the upper table and by means of the dia! 
was able to rotate the loop quickly with one hand and record data 
with the other. On the edge of the upper table was mounted a 
telephone key-switch equivalent to two double-pole, double-throw 
switches, so that the phones and loop could be switched quick!) 
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and simultaneously from one set to the other. A small flashlight 
lamp supplied light for night-time runs. With this apparatus 
it was possible for one man to take almost simultaneous readings 
on two stations at intervals of about fifteen seconds, and on one 
station about as often as they could be recorded. Very short 
leads connected the loop to terminals on the lower table. No 
difficulty was experienced in change of heterodyne frequency as 
the result either of variation of capacity between the flexible leads 
or to body capacity. 

The apparatus used in making fading observations consisted 
of a three-stage superheterodyne receiver with a crystal rectifier 
and recording galvanometer connected in place of the second 
detector. A single-wire L-type antenna was used. 

The fading apparatus was located in Rockefeller Hall of 
Cornell University throughout all the tests. Fading observations 
were made by Messrs. E. E. Zimmermann and C. W. Gartlein. 
During the August tests the directional apparatus was located in 
a barn on West Hill, about a mile and a half from Rockefeller 
Hall. During the December tests it was located in a wooden 
building at the Floricultural Experimental Station near Forest 
Home, about two and a half miles from Rockefeller Hall. Both 
of these locations were found to be sufficiently free from local 
disturbing influences, and average day-time directions from 
which the signals appeared to come corresponded with the true 
direction of the sending stations. Messrs. H. E. White, 
L. A. Wood, and F. W. Warburton assisted the writer in making 
direction observations. 


OBSERVATIONS AND TREATMENT OF DATA. 


The directional settings recorded were those of minimum 
signal strength, which are very much sharper than the maxima. 
There was found to be little difference in the direction indicated 
by the two minima, and therefore only one setting was used. 
No attempt was made to check up on true and indicated average 
directions for every run, and as the tables were not rigidly 
fastened to the floor the true direction, indicated on the curves 
by means of a double arrow beside the scale of degrees, may be 
in error by two or three degrees. 

For comparison of the various records, average data were 
obtained by measuring the area under the original intensity curves 
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for two-minute intervals by means of a planimeter, and by avyer- 
aging the direction settings arithmetically over two-minute inter- 
vals. These data were used for plotting the average curves. |n 
addition to this the actual intensity and direction curves were 
plotted on a common time base for a comparison of amplitude 
variations. Intensity ordinates are arbitrary. Direction ordinates 
are in degrees, but the zero ordinate is arbitrary as regards true 
north. The fading records made during August were not avail- 
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able at the time of construction of the curves here shown, and 
therefore comparison has been made only of direction charges 
for two stations. The latter data were taken with the original 
loop, and therefore not as many observations were recorded as 
might have been desirable. 


DISCUSSION OF OBSERVATIONS AND CURVES. 


One of the first things that became apparent during the tests 
was that in general on nights when intensity changes were rapid 
and of large amplitude, changes of direction were also rapid and 
large. A number of times direction changes were so frequent 
and erratic that it was impossible to record data, or even to 
obtain accurate settings. On these nights fading showed the 
same characteristics. 

Frequently the time of beginning and ending of night con- 
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ditions was practically simultaneous for intensity and direction 
changes, but this was by no means always true. Curve 1, for the 
morning of December 1oth, shows distinctly the simultaneous 
return to daylight conditions. Data taken during the eclipse of 
January, 1925,’ and in August, 1925, which are not available for 
publication in this paper, also showed a correlation in the arrival 
of night conditions for the two phenomena. Curve 4, for the 
evening of December goth, fails, however, to show any such 


CURVE 2. 


WGY ~ DEC. /4. 1/925 
Avent o DATA 


VL A a 
a 


A hall (Aah 


_—s a. fa 


0 
5:00PM 10 20 {30 40 50 600 10 20 30 40 50 700 10 20 30 40 50 80010 20 


Sunset 


correspondence, and Curve 5 for December 17th shows that night 
conditions became pronounced at about 5 P.M. for direction and 
about 5.45 for intensity. 

A careful comparison of average intensity and direction 
records for WGY on December roth, 14th, and 17th (Curves 1, 
2, and 3) fails to disclose anything but the purely chance corre- 
spondence which might be expected from two irregular curves of 
this type. It is possible to find a simultaneous occurrence of 
peaks and troughs, but it is evident that just as many times a 
peak in one curve corresponds to a trough in the other, or comes 
between a peak and a trough. 


‘Ernest Merritt, C. C. Brower, and H. J. Reicu: “Changes Observed 
in the Direction of Radio Signals at the Time of the Eclipse of January 24, 
1925,” Jour. Frank. Inst., April, 1925. 
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FRANKLIN InstiTuTE, Prof. C. C. Bidwell presented a report oi 


comparisons of direction and intensity variations observed during 
CURVE 3. 


Lah LT | 


WG6Y- Dec/ 


Wi. 


M 
rac Ned uM 


0 J 
410 PM.20 40 50 500 10 20 30 40 50 600 10 20 30 40 50 700 10 20Am 


Sunset 


August, 1925, in which he found correlation. Just why these two 
sets of data seem to contradict each other is hard to explain. The 
antenna used for fading observations during the August tests was 
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situated on the opposite side of the building from that used in 
December, and it is possible that absorption by the building caused 
the first antenna to be directional. If this were true we should 
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certainly expect to find a definite relation between intensity and 

direction changes. For the most satisfactory and convincing 

comparisons it would be necessary to locate the intensity recording 

apparatus out in the open, preferably within a few hundred feet 

of the directional apparatus. It is also possible that the dis- 
CURVE 5. 
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crepancy in the results of the two sets of tests was caused by a 
difference of weather conditions. A careful study of U. S. 
Weather Bureau records failed to disclose any clue in this 
direction, however. 

A comparison of direction records for WGY (379 m.) and 
WNYC (525 m.) also fails to disclose anything more than 


n occasional chance correlation. On the evening of August 18, 
d 1925, when direction changes were too erratic for recording 
d 


continuous data, a comparison was made between the directions 
Vo. 203, No. 1216—39 
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of signals from WEAF (492 m.) and WNYC, both located in 
New York City. The difference of wave-length between these 
two stations is not great enough to give a very large difference of 
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refraction of the sky waves from the two stations. The transier 
from one station to the other could be made in the time taken | 
snap the key-switch, which was well within a quarter of a secon. 
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To test for the minimum on the second station required not over 
two seconds. It was found that the settings for the two stations 
frequently differed by as much as thirty degrees. For a majority 
of these comparisons it was certain that for the elapsed time the 
rate of change of direction was not sufficient to account for such a 
large discrepancy. In fact, it was at times possible to shift several 
times from one station to the other before the readings changed. 
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This seems to indicate that if changes of direction are due to 
reflection of the sky wave from some point in the Heaviside layer 
outside of the vertical plane containing the sending and receiving 
stations, the irregularities of the Heaviside layer which cause it 
must be small rather than large general distortions. If changes 
in direction are caused by a rotation of the plane of polarization, 
then even a very small difference in the speed of the two sky 
waves might result in different changes of ‘direction such as were 
observed. However, the phenomena of fading and change of 
direction may readily depend either directly or indirectly upon so 


many factors that it does not seem surprising not to find 
a correlation. 
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A complete disappearance of direction has been indicated 
the curves by means of vertical arrows. 

On the evening of August 22d it was impossible to find direc 
tional minima for any station. After a time it was decided that 
something had gone wrong with the apparatus and the test was 
given up for the evening. A short time later it was discovered 
that there was a very strong display of the Aurora Borealis. 
Broadcast reception on an ordinary antenna was poor and erratic 

CuRVE 9. 


w6Y - weo, D&c.? 
Prec Tew 


bays ™ al *e 
1 ie nas AAs el 


7:00PM. 10 20 30 40 50 800 10 20 30 40 50 900 10 20 30 40 50 i000PM 


WGY - DEC. 4, 1928 
 Onveanaee QA 


j 


eene ! i / 


49.00 10 20 [30 40 50 G00 10 20 30 40 50 10010 20 30 40 50 60010 20 30 4 
Sunset 


| 
| 


that evening. The following evening good minima were again 
obtained, indicating that the apparatus was not out of order 
Just how the Northern Lights could result in a complete absence 
of minima for all stations is a matter for further conjecture 
and experiment. 

If the ionization gradient near the border between night and 
day did result in refraction, then it would be such as to bend the 
waves away from the sunlit hemisphere since their velocity would 
increase with the ionization. As the direction of WGY from 
Ithaca is approximately east-northeast, waves coming to Ithaca 
from this station would be bent toward the south at sunset. This 
would cause an apparent change of direction toward the north 
Similarly, waves coming from WNYC in New York, which lies 
approximately southeast of Ithaca, would be bent toward the 
north and would appear to come from a point south of New York. 
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At sunrise these conditions would be reversed. Due to the per- 
sistence of ionization the deflection might be expected to come 
sometime after sunset. 

Curve 9 for WGY on the evening of December goth shows a 
slight deflection toward the north beginning about 7.30, reaching 
a maximum at 8.30, and ending at about 9. Curve 2 for the 
evening of December 14th fluctuates somewhat, but shows a 
decided deviation toward the north beginning at 6.45, and reach- 
ing a maximum at 7.20. The end of the record is not sufficiently 
accurate to indicate definitely the return to normal. Curve 3 
for WGY on the evening of December 17th shows a deflection 
toward the north throughout the test, with a possible maximum 
at about 6.20. These results are rather encouraging, but an 
examination of the curves for the August tests makes the results 
appear to be a matter of chance or of local disturbances in the 
neighborhood of the receiving station. On the evening of 
August 11th (Curve 6) we have a deflection toward the north 
for both WNYC and WGY, reaching a maximum at about 7.50. 
On the evening of August 13th (Curve 8) we have a deflection 
toward the north for WNYC, reaching a maximum at,7.15 and 
to the south for WGY, reaching a maximum at 7.40. This is 
just the opposite of what we should expect. Curve 7 for the 
evening of August 14th shows a slight deflection toward the 
north for WNYC and no deflection for WGY. The deflection 
toward the north for WGY on the morning of December toth 
(Curve 1) is also contrary to what would be expected. 


CONCLUSIONS. 


The results of these experiments lead to the following 
conclusions : 

(1) Rapid and pronounced fading is usually accompanied 
by rapid direction changes of large amplitude throughout an 
evening, but there seems to be no correlation as to the exact time 
at which the changes occur for the two phenomena, or between the 
amplitudes of fluctuations over a short interval. 

(2) The two phenomena frequently begin and end almost 
simultaneously, but not always. 

(3) There is no correlation between direction changes in the 
signals from two different stations. 
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(4) Although there almost always seems to be a pronounced 
deflection of fairly long duration shortly after sunset and shortly 
before sunrise, this is not always in the right direction to verify 
the theory of refraction at the border between day and night. 

(5) Adisplay of the Northern Lights appears to result in an 
absence of directional minima on all stations. 

If further tests of this sort are to be made in the future, it 
would doubtless be best to locate direction and fading apparatus 
at the same point, preferably in an open spot. Other observations 
taken during a display of the Northern Lights would be of par- 
ticular interest. It is to be hoped that future experiments wil 
help to clear up the seeming contradictions which have resulted 
from work which has already been done. 
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THE DETONATION WAVE FROM 
SOLID EXPLOSIVES.* 


BY 
WALTER C. HOLMES. 


Eastern Laboratory, E. I. Du Pont de Nemours and Company, Chester, Penna. 


DETONATION is a term that is commonly applied to the very 
sudden and rapid explosion of decomposable material, and, in the 
case of solid and liquid materials, to their almost instantaneous 
change into their gaseous combustion products. The velocity of 
detonation, under the influence of the proper initiating agent, is 
one of the highly significant properties of commercially important 
explosives of the dynamite type and a property that is care- 
fully controlled. 

The velocity of explosive materials within themselves has been 
studied with considerable exactness, because of its commercial 
importance. Means for controlling and altering the velocity of 
such materials have been known, but there has been little under- 
standing of the underlying principles that determine the magni- 
tude of the velocity. As to the behavior of the detonation wave 
after it leaves the explosive material, this has scarcely been 
investigated. 

In connection with the prosecution of other work, an oppor- 
tunity came to investigate the velocity of the detonation wave 
from dynamites in the interval beyond the explosive. That the 
detonation wave continues to travel beyond the limits of the 
explosive material is, of course, evident from the fact that the 
detonation of a mass of high explosive may be brought about by 
the explosion of another mass of high explosive when the two 
masses of material are separated by an inert medium such as an 
air-space. The effect produced is commonly known as explosion 
by influence or “sympathetic detonation.” This property of 
explosives was early discussed at some length by Berthelot * and 
the whole subject of “Sympathetic Detonation” has more 


*“ Explosives and Their Power,” translation, 1892. 
*Army Ordnance, 1923, 3, p. 256. 
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In carrying out experiments on the velocity of the detonation 
wave in the medium immediately following the explosive, com 
mercial dynamites were used in the form of cartridges, usuall) 
of 14-inch diameter. Two whole sticks of dynamite were use, 
in order that the velocity of the explosive should certainly reach 
its uniform maximum. The method of velocity measurement was 
the well-known Dautriche method,* which makes use of detonat- 
ing fuse of uniform velocity, about 5000 metres per second, con- 
sisting of trinitrotoluene compressed into a lead tube of about 
Y%-inch diameter. In using this method for velocity measure- 
ments over an air-space beyond the explosive, the only variation 
from the ordinary was that the blasting cap at the first end of the 
detonating fuse was placed exactly at the end of the explosive 
cartridge. The other cap was spaced at the desired distance. 
pointing toward the explosive, with metal end cut off and mercury 
fulminate exposed, so that the detonation wave would be imme- 
diately detected. The explosive was wrapped in heavy paper. 
so that the column of paper extended slightly beyond the distance 
over which the velocity was to be measured. 


VELOCITY OF DETONATION WAVE IN GASEOUS MEDIUM 
BEYOND EXPLOSIVE. 


One would expect that, immediately beyond the end of the 
dynamite cartridge, there would be a falling off in the velocity o/ 
the detonation wave after the explosion. The surprising fact was 
met, however, that with certain explosives a considerable increase 
in velocity of the wave took place. This phenomenon is not alto 
gether new, as Comey * and Laffitte > have each reported instances 
where somewhat higher velocities were obtained for the wave 
beyond the explosive than within the explosive. 

Our early experiments showed that it was a usual thing tor 
dynamites having a velocity in the vicinity of 2000-2500 metres 
per second to show an increased velocity of detonation wave in 
the medium following the explosive. In the case of dynamites 
of the ammonium nitrate permissible type having a velocity 0! 
around 2300 metres per second, the velocities through the gaseous 
medium over five- and ten-inch intervals were repeatedly found 


* MaRSHALL, “ Explosives,” 1917, 2, p. 479. 

*“ Seventh International Congress of Applied Chemistry, 1900,” Section 
IIIb, p. 35. 

"Comptes Rendus, 1924, 178, p. 1277. 
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to be 100 to 200 metres higher than the velocity of the explosive 
itself. A similar increase in the velocity in the air-space, of 
approximately the same magnitude, was found in the case of a 
60 per cent. gelatine dynamite, having a velocity within itself of 
approximately 2400 metres per second. This increase in velocity 
did not take place, however, in the case of very high-velocity 
explosives, but instead a decrease was seen. Sixty per cent. 
straight dynamite, for example, with a velocity of 5800 metres 
per second, gave a velocity in air, in five- to ten-inch distances, 
of about 4400, while high-velocity 60 per cent. gelatine, with a 
velocity of 6400, showed a velocity in a similar air interval of 
about 4200. Beyond a distance of approximately ten inches, 
when cartridges of 1/4-inch diameter were used, the velocity of 
the detonation wave was found to fall off regularly. 


UNIFORM VELOCITY ZONE. 


Early indications had been that the velocity of the detonation 
wave over the first five inches beyond the explosive was the same 
as the velocity for ten inches, which would indicate a uniform 
velocity zone to a certain distance beyond the explosive, in which 
the velocity of the detonation wave was higher than the velocity 
of the detonation of the explosive. An ammonium nitrate permis- 
sible explosive was used, for example, which had the approximate 
composition of 10 per cent. nitroglycerin, 80 per cent. ammonium 
nitrate, and 10 per cent. of carbonaceous material similar to 
wood pulp. With this explosive, having a velocity itself of 
about 1960 metres per second, four determinations over distances 
of three to five inches had given an average velocity of 2164, 
while four other determinations over distances of six to ten inches 
had shown the average velocity of 2199. Similar results were 
obtained with 60 per cent. gelatin dynamite, of a velocity around 
2400 metres per second. The average of five determinations over 
four- and five-inch intervals showed a wave velocity of 2678, 
while the average of six determinations for eight and ten inches 
was 2695. 

A more careful check of the velocities of the detonation wave 
over the five-inch and the ten-inch intervals was made by selecting 
an ammonium nitrate permissible dynamite similar to the one used 
above, and having a velocity of about 2300 metres per second. 
Measurements of the velocity of the detonation wave were made 
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over a five-inch interval on ten successive shots, then over a ten- 
inch interval on ten shots. The results are shown below: 


Distance. Velocity. Distance. Velocity. 


5” 2537 10” 2506 
2311 2350 
2337 2390 
2505 2403 
2505 2447 
2390 2377 
2390 2461 
2337 2521 
2447 2390 
2419 2362 


2418 2421 


While there is considerable variation in individual measure 
ments, there is an excellent average agreement between the deter- 
minations over the five- and ten-inch distances. 

By the method used above, where the velocity of the detona 
tion wave beyond the dynamite cartridge was measured, only one 
determination could be made on each shot. Since there is some 
variation in the velocity of different cartridges of the same dyna 
mite, there would be even more significance to the results if 
measurements could be made of the velocity over different dis 
tances on the same shot. This was done by the use of a sphere 
of explosive. From large diameter cartridges of a 60 per cent 
gelatin dynamite, it was possible to carve spheres of approximate 
exactness, four inches in diameter. The sphere was suspended in 
the air in a light cheesecloth bag so that the distance from the 
sphere to the ground was at least as great as the greatest distance 
through which the velocity was to be measured. The cap at the 
first end of the detonating fuse was fastened securely to the 
surface of the sphere with string, while the cap at the other end 
of the fuse, with exposed fulminate, was carefully spaced at the 
desired distance, and was pointed toward the sphere of explosive 
The initiation of the explosive was by means of an electric 
detonator, whose charge was embedded as nearly as possible in 
the centre of the ball of explosive. The object of the experiment 
was to obtain further evidence of the existence of a zone of un! 
form velocity and to determine its extent. 


\- 
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In the first shot, where velocities of the detonation wave were 
measured over distances of five and ten inches, good checks 
were obtained. In successive shots, the distances measured were 
increased until the limit of constant velocity was reached, each 
time one of the intervals measured being within the distances over 
which the velocity had been previously measured. Using this 
procedure, it was found that there was no decrease in the velocity 
of the detonation wave until distances greater than 25 inches were 
used. The tabulation below gives the velocities measured over 
the increasing distances from the explosive : 


Velocities Measured— Average 


Distance. Metres per Second. Velocity. 
5” 1930 1930 
8” 2030 2030 
10” 1870, 2250, 2080, 1980, 1960 2070 
12” 2120 2120 
14” 2180 2180 
15” 2010, 2140, 1920 2020 
16” 2030 2030 
18” 2000 2000 
20” 2140, 2250 2190 
25" 1980 1980 
26" 1740, 1790 1765 
30" 1660 1660 


The above tests very conclusively show that there is a zone of 
constant velocity and not a gradual falling off in velocity imme- 
diately beyond the explosive surface. In this case, however, the 
uniform velocity extends apparently to a distance of 25 inches, 
instead of about ten inches for the 1%4-inch diameter cartridge. 
It seems probable that the distances of uniform velocity are pro- 
portional to the diameters of the spheres of explosive detonated. 
In the case of cartridges of dynamite, the important consideration 
is the diameter of the cartridge, since the velocity of the detona- 
tion wave appears to be the same, regardless of whether a half 
stick or two sticks of dynamite are used. Hence, the sphere to be 
considered would be one having the same diameter as the car- 
tridge. Since the distance of uniform velocity from the four- 
inch diameter sphere of explosive was found to be 25 inches from 
the surface of the sphere, the radius of the large sphere of 
uniform velocity would be 27 inches. The radius of a similar 
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sphere from a ball of explosive 144 inches in diameter, would be 
approximately 8.4 inches. In the case of the 14-inch cartridges. 
the dynamite was lying on the ground and the gases could not 
expand downward readily. Here it would be expected that the 
gas volume would be hemispherical rather than spherical. The 
radius of the sphere of influence therefore should be that of a 
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sphere having twice the volume of a sphere of 8.4-inch radius. 
or something over ten inches, which is the approximate limit for 
the zone of uniform velocity of the detonation wave, as deter 
mined with cartridges of 14-inch diameter. 


BEHAVIOR OF DETONATION WAVE IN DISTANCE BEYOND UNIFORM 
VELOCITY ZONE. 

Beyond the zone of uniform velocity, the velocity of the 
detonation wave from an explosive was found to decrease steadi)) 
This is graphically shown in Fig. 1, where the velocity of the 
detonation wave from a 1%-inch cartridge of an ammonium 
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nitrate permissible dynamite is plotted against the distance in 
inches. Two curves are shown, one for the average velocity of 
the detonation wave over the whole distance measured, the other 
for the velocity at the wave front. The velocities at the wave 
front are calculated from the averaged values on the other curve. 
The following tabulation gives values for the velocities at the 
wave front for three different dynamites : 


Distance— Ammonia Permissible 60% Gelatin 60% Straight 
Inches. Dynamite.* Dynamite. Dynamite. 


2400 


1970 
1785 
1380 
9g90 
700 


* Approximate composition, 10 per cent. nitroglycerin, 80 per cent. ammonium nitrate, 
10 per cent. carbonaceous material, ¢.g., wood pulp. 


THEORETICAL DISCUSSION. 


Some very interesting suggestions may be drawn from the 
data presented above. In the first place, from the fact of 
the proof of the zone of uniform velocity, it is evident that 
the increase, or decrease, in velocity comes immediately after the 
detonation wave leaves the explosive. This immediate change to 
a uniform velocity suggests that the cause may be the new medium 
into which the wave passes. A second suggestive feature is the 
fact that the velocity of the detonation wave falls off until it 
approaches the magnitude of the velocity of sound in air, a fact 
that arouses speculation as to whether the detonation wave may 
not be similar to a sound wave in its method of travel. 

It is known that the velocity of sound increases with the 
temperature and that it is proportional to the square root of the 
absolute temperature, or v,=Vo+/(1 + at), where 7, is the velocity 
at t° C. and a is the coefficient of expansion, or 1/273. To 
explain a velocity of 2500 metres per second tor sound would 
require the assumption of a temperature in the zone of uniform 
velocity of over 15,000° C., whereas the calculated temperatures 
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for commercial explosives have been in the neighborhood 0/ 
2000-3000° C. However, in calculating the maximum tempera 
tures attainable with explosives, the temperatures have been 
arrived at thermochemically, by considering only the quantities 
of heat developed in the course of the reactions and the specific 
heats of the final products after combustion. No consideration 
has been given to the heating effect due to the enormous pressures 
developed at the time of explosion. If we could assume the 
explosive change from a solid to the great volume of gases to 
take place without loss of heat, as might seem permissible in vie 
of the great velocity of the reaction, the change of temperature, 
due to compression of the gases into the originally occupied 


volume would be expressed by Rankine’s formula: ; = ( a) he 
in which 7, and 7, are the absolute temperatures before and after 
compression, /, and /’, the volumes before and after compres 
sion, and y the ratio of the specific heats at constant pressure 
and constant volume. 

Dixon ® has studied the velocities of explosion of gaseous 
mixtures, and has calculated the theoretical velocities of sourid in 
the burnt gases by the above formula. He has then compared the 
calculated values with the measured velocities of explosion in the 
case of different gaseous mixtures. In the case of explosions 
of cyanogen with oxygen, for example, very close agreement was 
found between the calculated and measured values. For this 
reaction, C.N, + O, = 2CO+ Nz, Dixon obtained the calculated 
temperature of 21,190° (abs.), assuming adiabatic conditions. 

Berthelot,’ also, some years previous to Dixon’s work, had 
measured the velocity of the explosion wave in gaseous reactions 
Berthelot’s theory was that the explosion did not travel with the 
velocity of sound in the hot gases, but with the velocity of propa- 
gation of the gaseous molecules themselves. The velocity of the 
gaseous molecules is calculated according to the formula ot 
Clausius, where v = 29.354 yi, in which T represents the abso- 
lute temperature and d the density of the gases compared to air 
According to Dixon, the velocity of the sound wave is to the 
velocity of the gaseous molecules as 0.688 to 1.0, a ratio that is 
derived theoretically. 


* Phil. Trans. Roy. Soc. London, Series A, 184, pp. 97-188 (1808). 
* BeRTHELOT, /. c. 
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While conditions are quite different in the case of solid explo- 
sives from those holding in the explosion of gaseous mixtures, 
there seems to be no reason to think that the heating effect due to 
the compression wave resulting from the explosion would be any 
the less real in the case of solid than of gaseous explosives, 
and the compression effect should be very much magnified. At the 
very beginning of the zone of uniform velocity, following the 
explosive cartridge, the same conditions should hold as in 
gaseous explosions. 

In attempting to calculate theoretical velocities for the detona- 
tion wave, it was not known whether to assume it to travel with 
the velocity of sound or with the rate of propagation of the hot 
gases. The latter assumption appeared to be reasonable and to 
agree best with experimental results. The tabulation below shows 
the relation of calculated and measured velocities : 


a Velocity of Per Cent. 
hiediatve. Moe np. Detonation Wave. Attain- 


Measured. Calculated. ment. 


Blasting gelatin 5 6400 6180 103.5 


60% gelatin dynamite 

High-velocity 17,600 4200 4330 97.0 

Fe 17,600 2600 4330 60.0 
40% gelatin dynamite : 13,500 3460 3510 08.6 
40% straight dynamite £ 15,300 3740 3790 08.7 
Ammonium nitrate permissible. 27,400 2560 5320 48.2 
Picric acid (density, 1.7) E 42,000 6280 8200 76.6 
Picric acid (density, 0.824).... 4560 57,000 3700 7020 52.7 


The surprising thing in the above tabulation is that the 
agreement is as good as it is, between measured and calculated 
values, considering the fact that the exact reactions of decomposi- 
tion at the time of explosion are not known and that the tem- 
peratures assumed are in regions where gas laws and specific 
heats have not been studied. In the reactions, carbon has been 
assumed to burn only to carbon monoxide. For the explosives 
listed above, four out of eight show really excellent agreement 
between theory and fact. The divergence can readily be explained 
in the case of the low-velocity 60 per cent. gelatin, for this is the 
same explosive as the high-velocity 60 per cent. gelatin, the dif- 
ference in velocity being caused by the primer used. It is interest- 
ing to note that this explosive, when detonating at its maximum 
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velocity, gives almost the theoretical velocity for the detonation 
wave, while the same explosive, with a lower velocity than its 
maximum, falls much below the calculated velocity of the detona 
tion wave. The ammonium nitrate permissible dynamite, which 
falls considerably below theoretical attainment, is an explosive 
whose velocity is probably much less than its maximum. This 
explosive contains about 80 per cent. ammonium nitrate, and 
Kast * found the velocity of detonation of ammonium nitrate to 
be much below his calculated value, when comparing it with 
other explosives. Picric acid is an explosive that is quite deficient 
in oxygen, and for this reason its decomposition products are ver) 
uncertain. It is interesting to note that, in the case of picric acid, 
the percentage attainment of the calculated velocity approached 
100 as the velocity was brought to its maximum by increasing 
the density. 

It is very possible that the assumptions made in the calcula 
tions above are not all justified. The theory suggested, however, 
seems reasonable and offers an explanation of facts that are diffi- 
cult to explain otherwise. It gives a reasonable explanation oi 
the otherwise obscure behavior of the detonation wave, in increas 
ing in velocity after leaving one explosive and decreasing in 
another case. If the calculated temperatures are attained, the) 
must be only momentary, since the assumptions under which the) 
are calculated are that the reactions taking place are so extreme!) 
rapid that no loss of heat takes place and that constant-volume 
conditions are approached. The velocities assumed are the veloc: 
ties not in air, but in the combustion gases. At all events, i! 
seems probable that, at the moment of detonation, temperatures 
are momentarily attained very much higher than the temperatures 
usually calculated. 

If the velocity of the detonation wave is assumed to be either 
the velocity of sound or the kinetic velocity of the gaseous par 
ticles at the momentary high temperatures, the fact that there 
is a constant velocity zone would mean that a uniform tempera 
ture prevails over this zone. The calculated temperature would 
be the temperature at the edge of the explosive, and it would be 
expected to fall off as the distance from the explosive increases 
While no satisfactory explanation can be suggested for the failure 


 *Kasz, Z. angew. chem., 1923, 36, p. 72. 
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to do this, the zone of uniform velocity may be the volume that 
the gases of combustion occupy, dnd various influences come in 
that might help in maintaining the temperature, such as progres- 
sive burning of the carbon monoxide first formed to carbon 
dioxide and decrease in the specific heats of the products per unit 
volume, as they become less dense. 


SUMMARY. 


It has been shown that the detonation wave from a solid 
explosive changes in velocity after leaving the explosive. In the 
case of some low-velocity explosives, e.g., about 2400 metres per 
second, the velocity of the detonation wave increases by approxi- 
mately 100-200 metres per second. With other high-velocity 
explosives, 5000-6000 m./sec., the velocity may decrease to 
around 4400 metres in some cases. 

Careful measurements have shown that a zone of uniform 
velocity exists beyond the surface of the explosive, the dimensions 
of the zone depending on the diameter of the sphere of the explo- 
sive or the diameter of the cartridge detonated. In the case of 
a 14-inch dynamite cartridge, the zone of uniform velocity 
extended for about ten inches, while, with a sphere of explosive 
four inches in diameter, the zone extended for about 25 inches. 

An explanation of the reason for the high velocity of the 
detonation wave in the gaseous medium is suggested, linking it up 
with either the velocity of sound at the temperatures prevailing or 
the kinetic velocity of the gaseous particles themselves, the latter 
explanation appearing to be more in accordance with the deter- 
mined facts. Such an explanation implies the assumption of 
extremely high momentary temperatures at the wave front, in 
some cases of over 40,000° C. These extremely high tempera- 
tures are due partly to the heat of combustion of the explosive 
ingredients but more to the heating effect resulting from the enor- 
mous pressures developed at the moment of explosion, as pre- 
viously applied by Berthelot and Dixon in the study of gaseous 
explosions. Adiabatic conditions are assumed in such calcula- 
tions. With such an explanation, reasonable agreement between 
theory and fact is obtained for a number of explosives, and the 
discrepancies that exist are in cases where discrepancies might 
be expected. 

VoL. 203, No. 1216—40 
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A Simple Lecture Experiment Showing Internal Friction in 
a Gas. Kart Przipram. (Phys. Zeit., Dec. 15, 1926.)—A square 
30 mm. on a side is cut from sheet brass about 5 mm. thick. From 
this is removed symmetrically a square 20 mm. on a side, so that 
there remains a hollow square with a marginal width of 5 mm. It is 
well, however, to provide a projection for supporting the device in a 
clamp. On each of the four sides of the square and at its middle a 
hole is bored parallel to the sheet through the 5 mm. of brass forming 
the margin. A glass plate is cemented across each face of the hollow 
square so that a body of air 20 x 20x 5 mm. is enclosed. Let the 
square be put in a vertical plane with its upper and lower edges hori- 
zontal. Pass a stiff wire of such dimensions as to fit snugly through 
the two holes in the vertical sides of the frame. Run in air contain- 
ing ammonia gas through the lowest hole and put a drop of hydro- 
chloric acid in the upper hole, letting it hang there as far down as 
possible. Project the apparatus on a screen. Clouds of NH,C! 
stream down from the drop. Pull the wire a short distance through 
its supporting holes with a velocity great in comparison with the speed 
of fall of the cloud. The cloud appears to be pulled along by the 
motion of the wire even at some distance from it, though the distor- 
tion is less and less at greater distances from the wire. The effect is 
uite similar to that obtained by dragging a wire through a viscous 
liquid though in the gas it is the transmission of motion from layer 
to layer that is the cause. G. F. S. 


A Direct Reading Apparatus for the Measurement of Mag- 
netic Fields. G. Dupovy. (Comptes Rendus, Feb. 14, 1927.)—The 
principle of the device is the following. A crystal rotating about a 
suitable axis is subject, when placed in a uniform magnetic field, to a 
couple proportional to the square of the directing field. The crystal 
turns until it reaches a position in which the torsion of a wire or 
spring is equal to the couple called forth by the field. For each 
strength of field there is a definite position of equilibrium. 

In the concrete apparatus the crystal used was carbonate of iron, 
siderite. This has different magnetic susceptibilities in different 
directions. It is supported rigidly within a horizontal tube resting 
against a cortical point ateach end. To this tube is attached a pointer 
that turns in a vertical plane in front of a graduated scale. As it 
turns it meets the opposition of a spiral spring. The apparatus 
enables readings to be taken very quickly. As the crystal need be no 
larger than a cylinder 2.5 mm. in diameter and 3 mm. in length, it can 
be employed to examine a field point by poirit, provided the intensity 
be sufficient. An apparatus made with siderite is, unfortunately, sub- 
ject to corrections for temperature changes, because the couple caused 
by. the field decreases as the temperature rises. The author hopes 
to.evade this difficulty by using along with the siderite a second crystal 
whose couple increases with temperature elevation. 


Prof. A. Cotton testified to the utility of the instrument. 
G. F. S. 


NON-UNIFORM LUMPED ELECTRIC LINES: 
I. THE CONICAL LINE. 


BY 
STUART BALLANTINE. 


Member of the Institute. 


THE important properties of the periodic electric networks 
formed of recurrent sections, discovered by G. A. Campbell, have 
in recent years been made the subject of a comprehensive litera- 
ture! Several years ago, at the time of my introduction to these 
structures by the lectures of Prof. G. W. Pierce, it occurred to 
me that the theory might be considerably extended to include 
lumped lines in which the values of the sectional impedances 
varied progressively from section to section in accordance with 
some definite law. So far as I am aware nothing has been pub- 
lished in this field, so that the present series of papers outlining 
the elementary results of these old investigations may be of 
some interest. 

The original purpose of the lumped electric line seems to have 
been the artificial representation of actual physical smooth lines, 
primarily for the increased facility of laboratory investigation. 
Later, when their remarkable properties as wave filters were 
discovered, a new chapter in their development commenced. As 
simulative structures it is necessary that the current and voltage 
amplitudes vary from section to section in the same way that these 
amplitudes vary with the distance in an actual line. In discussing 
the uniform line Kennelly points out (loc. cit., pp. 69 to 77) that 
simulating lumped lines may be built up either of T or II 


'G. A. Camppett, U. S. Pat. No. 1,227,113, and Bell Tech. Jour., 1, 
November, 1922. 

A. E. Kenne tty, “Artificial Electric Lines,” McGraw-Hill, New York, 
1917. 


G. W. Prerce, “Electric Oscillations and Electric Waves,” Chap. 16, 
p. 285, McGraw-Hill, New York, 1920. 

K. W. Wacner, Arch. f. El., 3, 315, 1915; 8, 61, 1919; Zeit. f. Tech. 
Phys., 2, 297, 1921. 

O. J. Zonet, Bell Tech. Jour., 2, 1, 1923. 

K. S. Jounson, “ Transmission Circuits for Telephonic Communication,” 
Chaps. 16 and 17, Van Nostrand, New York, 1925. 
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sections, and in the case of the former the voltage and current 
amplitudes of the conjugate smooth line correspond with those 
at mid-series of the lumped sections, while in the [I] line the 
correspondence is at mid-shunt. In general the conjugate smooth 
line is not invariant of the frequency, but for a limited range the 
match may be extended by the employment of mutual induction 
between adjacent series sections as demonstrated by Pierce. 

In extending the theory and methods of construction to the 
more general non-uniform line, it is possible to follow two differ- 
ent methods: We may adopt the simulative viewpoint as above 
described and build up a line of T or I] sections in which EF 
and / will vary from section to section in the same way that they 
vary with distance in the analogous and conjugate smooth line, 
or we may construct the lumped line so that when it is smoothed 
by allowing the sectional impedances to diminish and the number 
of sections to increase without limit, it will correspond with 
certain smooth lines whose properties are easily investigated as 
solutions of familiar differential equations. In this way lines oi 
the exponential, gamma, Bessel, etc., types may be devised in 
analogy with the corresponding smooth lines. The first line is 
simulative and confluent, the second confluent but not necessari!) 
completely simulative. 

In the first method we start with the solution for the smooth 
line and in it replace the distance + by the section number » 
This guarantees a priori the existence of the conjugate smooth 
line. The problem then consists of finding a physical structure 
of impedances for which the difference equation of propagation 
has this solution. In the second method the general plan is to 
start with the differential equation for the smooth line and derive 
by a method of approximation the related difference equation. 
It then remains to choose the sectional impedances so that this 
difference equation applies to the lumped line, that is to say, t 
devise a physical network having this equation as a relation 
between the current or voltage amplitudes in contiguous sections 

Such lines will not in general be true simulative lines, and a 
conjugate smooth line may not exist. In the case of the conical 
line to be considered in the following paragraphs, if we start with 
the differential equation for the current (/), the solution / for 
the lumped line may be similar to that for the smooth line, but the 


*G. W. Prerce, Proc. Amer. Acad., §7, 195, 1922. 
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transverse voltage will not correspond to the voltage in the smooth 
line nor satisfy the difference equation for E which is derived 
from the differential equation for E in the smooth line. Such a 
line is semi-simulative, being simulative only with respect to the 
current. Similarly it may be possible to start with the difference 
equation for E and derive a lumped line which simulates E rather 
than J, and in this case the currents may not correspond. This 
will suggest the wide variety of the possible ways in which the 
theory may be extended and also indicate the comparative sim- 
plicity of the uniform lines. 

The present paper deals in an elementary way with the sim- 
plest of the non-uniform lines—the conical line—which as a 
member of the Bessel family is designated as of order 4. 
The development will first take the second of the above discussed 
paths aiming at a semi-simulative confluent line with respect to 
the current. 

1. Steady State Equations for the Smooth Non-uniform 
Electric Line.—The transverse voltage and series current of an 
electric line having series impedance Z, and shunt impedance Z, 
(per unit length) are related as follows: 

dE 


— = — (R,+ iwL,)I = — Z,/; 
dx 


E pica (1) 


R: + — 

tow 2 

This represents the steady state in which the effects vary with 
time as Exp iwt. Z, and Z, are functions of x. By differentia- 
tion and elimination between the above equations, the equations 
of propagation are derived as follows: 


@E 1dZ,dE Z, 
dx? 2,dx% dx dy 


@l sdZ,dI 2 

dx? * Z, dx dx Zz 

It will be convenient to consider the current as given by (3); E 
may be derived from / by (1). 

Z, and Z, may be chosen as arbitrary functions of +. In 

deriving simple structures it is convenient to have Z, and Z, so 


E=o, (2) 


I=o. (3) 
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related that their ratio is independent of, + and can be denoted 
by a constant propagation factor K?. This is obviously by no 
means necessary and many interesting and solvable cases can be 
built up by allowing this factor to be a function of x. If this 
ratio is independent of the frequency, in addition to being inde- 
pendent of +x, the structure is known as a constant-K structure; 
if it is merely independent of the frequency, it may be called a 
frequency constant-K structure ; if independent of x only, it may 
be called a space constant-K structure. 

2. Equation of Propagation for the Smooth Bessel Line.— 
The conical line is a special case of the Bessel line in which the 
impedances of the space constant-K line vary as a simple power 
of the distance x from the origin of the line: 


Z\ = $x"; 
Z:= 


Substitution in (2) and (3) leads to the equations : 


(Bessel line) . 
a 


the first of which has the same normal form as the general Bessel 
equation and can therefore be transformed into it. The substitu- 
n—I 


tion is ]=x ? U(x). The function U(x) satisfies the Bessel 
equation of order “—*,, so that the corresponding line is described 
2 


as of this order. The theory of this line was given by Heaviside 
(vide, “ Electromagnetic Theory,” Vol. 2, p. 238); I have con 
sidered the corresponding acoustic conduit in a contemporaneous 
publication.* The present term “ conical’ may appear somewhat 
fantastic as applied to the electrical line. It is suggested by the 
fact that in the analogous acoustic case the geometrical figure o! 
the conduit is that popularly referred to as a “ cone.” 

3- Smooth Conical Electric Line.-—The smooth conical line is 
pare by letting n — = 2. Two cases are distinguished accord- 


“On the Propagation of “Sound in ‘the General Bessel Horn of Infinit 
neal ” Jour. Frank. Inst., 203, 85, January, 1927. 
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increases with x and the line will be called a positive line, and 
Zi = 21x" 
Z2 = Zox? 


If the sign is negative, the line will be referred to as a negative 
line and the impedances will vary according to the law: 


(positive conical line). (6) 


Z,=2x~*) ; ; : 
_,) (negative conical line). (7) 
Lo = 20% ” 
It is convenient to choose for solution the differential equation, 
(2) or (3), which has its second term positive. We will thus 
consider the current / in the case of the positive line, and the 
voltage E in the case of the negative line. 
Case 1: Positive Conical Line, n= 2.—The solution of (5) 
for this case is simply: 
I=A e + B ce ’ (8) 


x x 


= 7 Saye 
where k= @—- The equations describing the propagation in this 
22 


line will be useful later for comparison with the corresponding 
equations for the lumped structure and may be briefly assembled. 

The line will be considered as terminated at the distant end 
«=I by an impedance 7, and at the sending end, + =a, by means 
of an impedance Z, in series with the impressed e.m.f. of ampli- 
tude Ey. (Fig. 1.) 

In the case of the uniform line the reflection coefficient at the 
termination of the line by an impedance Z is given by: 


Z,-Z | 
pane es 4 ‘9) 


where Z; is the characteristic impedance of the line, Z, = V'2,2s. 
In the case of the non-uniform line, Z; is in general a function of 
+. It is, moreover, different for the two directions of propaga- 
tion. I have found that in this more general case the reflection 
coefficient may be expressed as follows: 


p= Le) -2 (10) 
.* Poa 4g) 


ing to the sign of the exponent. If positive the series impedance 


Pee 


Crags ee Sat rave 9 
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Here Z (-») represents the characteristic impedance of the line 
for a wave approaching the terminating impedance and Z ( <—) is 
the characteristic impedance for a wave leaving the terminating 
impedance. The proof of this is easy and need not detain us, 
and the generalization may not be new. For the present line, in 
which the series impedance Z, varies as a positive power of the 
distance, Z (—») will be called the direct (or outgoing) charac- 
teristic impedance and is the impedance presented to a wave along 


Ss 


the positive + axis; Z (<—) will be designated as the inverse (or 


PAR ERSABT 1 Nine + 5 Baia 
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Smooth positive conical line and terminations. 


i 


incoming) characteristic impedance corresponding to propagation 
in the reverse direction. 

The characteristic impedance is defined as the ratio of F / 
at any point, the line being considered as infinitely long. In the 
positive conical line: 


E - = Boy (1 + kx) e~*™ (outgoing wave) , 


E Azo (1 — kx) e® (incoming wave) ; 
so that: 
Z (>) = axt22V aie, 
Z(<) = — ox tx? V aie. 


The latter impedance is obtained from the direct impedance | 
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simply changing the sign of x. The reflection coefficients are now 
found from (10). At the remote end of the line (x =/): 

zel (kl + 1) — Z, ; 

(15) 


sel (kl — 1) + Z,,’ 
and at the sending end (#=a): 


x zea (kl — 1) — Zo (36) 

X = ' : 16 
zea (kl +1) + Zo 

The complete expression for the current amplitude /, at any point 

x of the line can be readily found.. The algebraic details need not 


be given. We find: 


- —k(x—a) ry —2kl k ‘ 
a E, e x a + Ve 2 e (x + @) 


I, = yo 
’ me ry7 — 2k (l—a) 
. x Z (>), + Zo 1t~—-xXxVYe 


where 


lio 
|e] 


Z (>), = 2a +aV222, k= \. 

22 

This expression is very similar to that for the uniform smooth 
line, especially in respect to the interaction factor. 


For an e.m.f. E,applied at the high-impedance end of the line 
(r=1), E, being absent, the current amplitude is given by 


* ~k(l— x) r zha —ki(l+ 
l E, c "+ Xe" % 


ere ; (18 
x Z (+). +Z, 1—-XYe #¢-9 ) 


where 
Z (<-), = Zel (Rl — 1). 
Case 2: Negative Conical Line, n=- 2.—In this case the 


solution for E is: 


kx —kx 
e 


A ~~ BS , (19) 
x x 


from which / is derived through (1); 


I = —[A (1 — kx) + B(x + kx) e~™). 
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For the characteristic impedances of the line, we have: 


Z (outgoing) = ——!—— 


2¢/ 71 
rt aty® 


Z (incoming) = - 


21 
2 
r+ny 
22 


The reflection coefficients at the remote and near ends 
respectively : 


2 


X= —- (24) 


For the voltage and current amplitudes at a point x of the line, 
we have finally: 
z a Ez (out.), - ge te-8 + tee a) | 
x x Z(out.). + Zo i.e 
E 
I =5——> X 
* Z(out.), + Zo 
I+ <4 le Y 1 — kx _ ete 
1+ka ‘Be: 2a (26) 
(same denominator) 

4. Note on the Characteristic Impedances.—With reference 
to the positive line we see (equations 13 and 14) that in the case 
of a dissipationless line of impedances, 2,=itwL and zy = 1/iul, 
the characteristic impedances are: 


E 


The first is the impedance of a resistance and condenser in 
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series; the second that of a resistance and a negative condenser 
in series. Now a negative-capacity reactance in an electric circuit 
is an extremely rare thing; in fact, it is frequently said to be 
impossible of attainment in conservative passive networks. It is, 
therefore, of practical interest to examine the impedance of the 
inverted line in more detail to see if this structure is really capable 
of supplying this rare and desirable type of reactance. 

The impedance in question (28) is obtained by inverting the 
line and having the source at +=/, the resultant wave travelling 
toward the origin to the left. The origin is a singular point of 
the differential equation; upon reaching this point, the wave is 
reflected back along positive * axis. It cannot be transmitted to 
the region of negative « because Z, becomes zero and short- 
circuits the line. In these circumstances the wave to the left 
is not suitably represented by Ae“*/x as assumed by (8), and 
the characteristic impedance derived from this expression is 
therefore not accurate when the line extends to the origin. The 
proper value of the impedance can be found as follows: Let the 
line be terminated for the moment at +=a by an impedance Z, 
and an e.m.f. E, applied at +=/. Then the impedance of the 
terminated inverted line, looking toward the origin, is found 
from (18) to be: 


p . — 2k(l — a) (a 

Z= : =Z(<) 1+ Xe~ 2*t-@) . 

X is given by (16). If now the X termination of the line is 
allowed to approach the origin by letting a approach zero, we see 
that unless the line is terminated unreflectively, that is unless 
Z,-Z (<-),, X approaches -1. The line cannot be terminated 
unreflectively unless Z, contains a negative capacity, hence this 
method of attaining Z (<—), is impractical. It would seem that 
the correct impedance is given by letting X =—1 and a=o in 
(29), and the current by making the same substitutions in (18). 
Heaviside, in discussing the general Bessel line (‘‘ Electromagnetic 
Theory,”’ Vol. 2, p. 258), considers original terminations and 
arrives at the conclusion that such constraints are impotent unless 
I>n>1. The conical line (n=2) falls outside this region. It 
is concluded that the inverse characteristic impedance (28), 
exhibiting a negative capacity component, while perfectly legiti- 
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mate for use in the formule which have been given for the coni- 
cal line terminated to the right of the origin, is not practically 
attainable in the steady state when the termination is removed ani 
the line extends to the origin. This conclusion is also valid for 
the negative line. 

5. Transition from the Smooth Line to the Analogous 
Lumped Line.—The related difference equations for the lumpe: 
lines are derived from the differential equations (5) as follows 
The relations of the difference and differential equations have 


» 2. 


\ 


x 


been discussed by Richardson.* Let the interval O— 2% be par- 
titioned into m equal subintervals of norm A.x, such that «=i A+ 
(Fig. 2.) Denote by /,, the current amplitude in the mth division 
Then with the neglect of differential terms of higher order than 
the second, we have: 


ey. ~ lal 
QI _tdxjm+ 1 LdxIm—-1 _— Lme1—2Lmt+Im—: 


dx? = angi 


‘ RICHARDSON, Bull. Amer. Math. Soc., December, 1919, p. 113, see als 
P. G. Tart, Article “ Waves,” Ency. Brit. 
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so that when these approximate values are substituted in (3) there 
is obtained: 


Ta¢1— 2a t+ 1a-: dp n Int: — In-: 


(Ax)? mAx Ax Zo Im=0. (30) 


Upon multiplying through by (A+)? the last term becomes 
“1 A 4°; Z, Ax is therefore taken as the total series impedance and 
29 

Z./ Ax as the total shunt impedance of the mth section. These 
will be denoted by 2’, and 2’,, respectively, and represent total 
series and shunt impedance elements. For a space constant-K 
system corresponding to the smooth line just considered their 
ratio remains invariant from section to section. We have then: 


, 
Ines (m+ 2) — ma (2 +3!) + In-1(m-%)=o, (31) 
2 Z2 2 


as the difference equation for the current amplitude in the Bessel 
lumped line. The corresponding equation for the transverse 
voltage amplitudes is from (5): 


Enss(m — ") — mEn(2 +5!) + Em» (m +") =o: (32) 
“2 


n is the exponent in the law of impedance variation. 

6. Lumped Conical Line.—Reserving the discussion of the 
general solution of (31) for a second paper, we shall confine 
ourselves to the special case of the conical line furnished by 
n=2as in Art. 3: (31) then becomes: 


Imar(m+1)—-I_m (2 +=; +In-,(m—1)=0, (33) 


of which the obvious trial solution is: 
ek’'m _—k'm 
r = A + B -& 2 (34) 


m m 
Substituting in (31), we find: 


e+e" =2+4- (35) 
~ _ 


, SF, 
¥ 2") ae a a 
k’ = cosh~! (1 + —; } = 2 sinh ‘=o : 
222 2 22 


k is the propagation factor per section. In the lumped line it is a 
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transcendental function of z’,/z’,, whereas in the smooth line it 
is absolutely equal to Vz,/z2. This corresponds to the well- 
known filter action of the artificial line. 

It is interesting to note that the determinantal equation (35) for 
k is precisely the same as that for the uniform or recurrent line. 
This indicates that this conical line possesses the same filter and 
retardation properties as the more familiar recurrent lines. These 


are well known and need not be discussed here except to note that 
/ 


: : Z =. 
in the interval: o>> >4 for real 2',/z’,, the attenuation is 


9 
- 


imaginary, giving no decrease in amplitude but a variation of 


Section of lumped line. 


the phase constant. Thus if k’= A +i, where 4 is the attenua 
tion factor and # the phase factor: 


<i oe 
sinh — =o, : 
2 > 21 
— o> —->4 
a I Z1| | 22 
ma == ats 
2 2 | Ze J 


This represents the ‘transmitting band.” In the attenuation 
band: 


cosh 
ec ae 


nie > 
Il 
|e 
ta [te 
00 | = 
ba 


cos — =o 


When 2’,/2’. is complex the determination of the attenuation 
and phase factors is more complicated. A very useful set o! 
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curves for these factors will be found in K. S. Johnson’s “ Trans- 
mission Circuits for Telephonic Communication’ (Appendix E, 
pp. 294, 295). 

7. Physical Structure of a Lumped Conical Line.—It remains 
to devise a physical structure such that (33) represents the rela- 
tion between the current amplitudes in adjacent sections and in 
which the impedance elements vary from section to section in 
accordance with the general law for the conical line, viz., Z = 2x’. 
Consider the section of the network shown in Fig. 3. By a 
simple application of Kirchoff’s laws it is found that the current 
amplitudes are related to the impedances in the following manner : 


Im+1Zeo —In(Z4 + Zp4+ Zc) +Im-1Z3 = 0. (36) 
Comparing this equation with (33) and letting Z, = 2’,;m* where 


Fic. 4. 
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Illustrating structure of positive lumped conical line and terminations. 


2’, is the series impedance of the first section, we find that a 
possible section is obtained by letting: 


Zp = m(m — 1)2's; 


Zo = m(m + 1)2's. (366) 


This structure is compatible in contiguous sections since Z.(m)= 
Z,(m—1), and leads to the equation (33) for propagation. 

8. Termination.—The lumped conical line just derived and its 
terminations are shown in Fig. 4. In the case of ordinary 
uniform lines it is customary to terminate the lines in a series 
element of impedance equal to one-half the series impedance of 
the section. It is found that this is the most convenient termina- 
tion in the present case also. Therefore, inserting the impedances 


I ; j : 
: m*z', in the ath and Ith sections and following the method of 


Pierce in rendering the equations symmetrical for the terminal 


“el “Ran RE 0. 
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sections, the following final results are obtained. All trivial alge- 
braic details of their derivation have been omitted. 
For the characteristic impedances : 


A “4 
Z(—>) = m2’, + m? VV 2/1 2's \: + “s P 


2 


; , 
Z(<) = — m2'n +m V2’; 2's \: + a (38) 
2 
For the infinite line or one terminated in such a way that there 
is no reflection at the remote end, the impedance looking into the 
line from the ath section is: 


21 


» 
42 2 


Z(—>). = az’s + de V/2'132's \ 1+ (39) 
The previously stated general theorem with respect to the reflec- 
tion coefficients for the non-uniform line is found to apply here 
and gives for the reflection coefficients at the high-impedance end : 


rViaay 1+ a - + Is’: — Z, 


y er a"; 
iP ae x 3’ , 
PV Fay os —s - le’, + Z, 


and at the low-impedance end : 


7 

| ge yee a Zz 1 
a’ TA Ii+-; — az’s _ Ze 
EES 42 2 pees 


ae (41) 
o— Z 
a’ View 1+ 2 + az’2+Zo 
* 2 
Finally for the complex current amplitude in the mth section 
we have: 


Ey a grrr et ay eer 
~ Z2(>),+2Zom 1—XYe **~ 


Im (42) 

It remains to show that this line is simulative only as regards 
the current and that a completely conjugate smooth line does 
not exist. We first note that the voltage E,, between ground and 
a point in the middle of the series impedance of the section 1 
may be derived from the solution (34) for J as follows: 
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E_= ~ 2'ym[(m — 1), — Fm + 1), — 144:)] 


| (43) 
= 2z',[1 — _m sinh k’]e*” (incoming wave) ; (44) 

or 
E,, = #s[ +m sinh k’]e""™ (outgoing wave). (45) 


The E for the smooth line is from (11) =2,(1+kr)e***, 
hence since m sinh k’m km the E in the lumped line does not 
agree with that at a corresponding position angle on the smooth 
line. It is likewise easy to show that (44) and (45) do not 
satisfy the difference equation (32) for E, but are rather solu- 
tions of the difference equation: 


E,,,,{1 +m (m — 1) B] — 2E, [B —1 + mB 
+ (m?—1)(B—2)B)+£,_ [1 +m(m+1)B]=0 (46) 
2’; 
22's , 
g. Comparison of the Lumped and Smooth Lines.—Consider 
first the uniform line. The characteristic impedances of the 
smooth and lumped lines are as follows: 


wherein: B = 2 + 


Z; = V 2% = ke, (smooth uniform line) (47) 
Zi= V2i2"s \ 1+ zy . (lumped uniform line) (48) 
2 


In the case of the uniform line this impedance is iterative; it is 
also the same for propagation in either direction. In the conical 
line the outgoing characteristic impedances are: 


Z(—>) = x2_ + x* y/2;22, (smooth conical line) (49) 


Y lumped 
Z(—>) = m2’, + m?® +/2'12', \: + oa: staaltiess (so) 


The analogy is apparent and supports the half-series termination 
for the conical lumped line. 

The non-existence of the conjugate smooth line may also 
be inferred from these impedances. Denoting by 2, and 2., the 
constants of the smooth line (per unit length at r=—1), and 
by 2’, and 2’, those of the lumped line in the first section, for 
equality of position angles we must have kx = k’m, or 
VoL. 203, No. 1216—41 


Rt eee 2 i ee 


(ae 


. 
es 
se 

’ 

‘ 


Sse ga 
* ae iy sd 


576 STUART BALLANTINE. 


2 a 
cosh q4/—+ = 1+ —-> (51 
Ze 22 2 e 


which determines the ratio 2',/z’,. For conjugacy between the 
lines the characteristic impedances at mid-series must agree at 
corresponding position angles for all values of m and x. This 
means that: 


x82 + x? V/212_ = m2’, + m® V/2':2's y: + = (52 
2 
It is obviously not possible to choose 2’, and 2’, to satisfy (51) 


and (52) simultaneously. 
10. Special Cases.—An idea of the performance of these lines 
may be obtained from the consideration of two simple cases: 


Fic. 5. 


tat mL Le 


lg EL my +2 fot 


(a) + 


~ 


Ome ee Oo . see ee 
Low-pass (LiC2) lumped conical line. 
(a) The low-pass filter consisting of series inductance and shunt 
capacity elements, and (b) the high-pass filter having series 
capacity and shunt inductance. Both of the lines are assumed to 
be without dissipation. 
Case a. Low-pass Filter —The simple structure of the line is 


shown in Fig. 5. Here Z,-iwLm’; Z,.= mle) L and C 


being the constants of the first section. We have for the charac 
teristic impedance : 


2(>) = Pat mle ls - 2) (53) 


where w, is the cut-off angular frequency: 


mags fea) 
my Kc 
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In the transmitting band Z (—>) consists of a resistance and a 
capacitative reactance. The resistance component varies with 
w/w, in the same manner as for the uniform line; the reactance 
component is, as we have seen, peculiar to the conical line. 

In order to terminate the line non-reflectively at the high- 
impedance end, we must have: 


nn b+ededi-(2)- 6s 


The second term is a resistance and resembles the condition for 
non-reflection in the case of the uniform line. As in this case 
the variation of the line resistance with ~ throughout the trans- 
c 
mitting band does not permit the exact attainment of non- 
reflective output (or input) into a fixed terminal resistance. The 
condition will be approximately met over the greater part of the 
band if the terminal resistance is made approximately equal to 
the nominal characteristic impedance of the line, in this case 
=V/LI/C. If a more exact termination is desired, with greater 
frequency range of non-reflection, recourse may be had to ter- 
minations by half-sections of the m-derived types of three-element 
structure as suggested by Zobel,’ m being usually selected to be 
about .6. Two such terminations are shown in Figs. 6a and 6b. 
Fig. 6a shows a mid-series section followed by an equivalent 
mid-series m-type half-section, which in turn has R, as a mid- 
shunt termination. Fig. 6b shows a mid-shunt section with 
equivalent mid-shunt m-type half-section having R, in mid-series 
termination. When applying these m-type terminating sections to 
the conical line a condenser of capacity C// should be connected 
at X in Fig. 6a. If the m-type termination is omitted, we 


may make: 
L | 
on .i2 
Ri Pye saa 
5 
Ci -{ | 


The necessity for including a capacity of this value in Z, may 
also be seen by considering the total impedance of the mid-shunt 


* ZopeEL, loc. cit., p. 29. 
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section, which vanishes at the cut-off frequency in each section 
since this is a constant-K structure. 

At the low-impedance end of the line we must have for 
non-reflection : 


L/2 L/2 mL/2 
=a ap > 4 
(a) ~ R, 
=~ = = Om ~O=—O= ; 
mid-series equivalent mid-series 
section m-derived +section 
L er 
a OU O 
yy 
time R. 


(b) 2C= 


W 
ni- 
O 
Jt 

W 
nB 
ps 


mid-shunt equivalent mid-shunt 


section m-derived 3 section 


(a) Terminations of mid-series section of lumped line by means of half-section of equivalent 
mid-series m-derived, constant-K, structure; (b) termination of mid-shunt section. 
The resistance condition is readily fulfilled by the methods jus! 
discussed. The fulfilment of the second condition for the entire 
transmitting band demands that Z, contain a negative capacit) 
reactance. The elimination of reflection at the low-impedance end 
of the conical line is practically impossible. The effect of this 's 
readily seen. If an e.m.f. is operating at the low-impedance end 
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and there is no reflection at the high-impedance end, the current 
will be: 
Eo es sae 

"tte (s8) 
The first factor represents the input-current into the line, the sec- 
ond represents the decrease in amplitude due to attenuation and to 
impedance variation. Z (-—») contains a capacity reactance com- 
ponent, which, if not neutralized by Z,, will limit the current 
entering the line at low frequencies. In this respect the electrical 
line emulates the analogous acoustic conduit, in which the propa- 
gation of the low-frequency vibrations is poor. The difficulty 


Fic. 7. 
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High-pass (L2Ci) lumped conical line. 


of neutralizing the input capacity reactance of the conical line 
over the transmitting band would thus seem to constitute a decided 
limitation to the technical applications of this line. 
Case b. High-pass Filter—The structure and terminations 
on? 
iwl’ 


Z,-im(m+t1)wL. The characteristic impedance now becomes: 


Z(>) = iat rol EY ns es: (59) 


where w, is the cut-off frequency: 


of the high-pass filter are shown in Fig. 7. In this case Z, = 


I I 
= 2 Vic ee 
Equation (59) shows that in order to terminate the line at the 
remote end without reflection, we must have: 
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HG) 
= 2 — —_ — ’ 
R, 1 C w (61) 


X, = tloL . 
In other words, in addition to the resistance R,;, we must add 


an inductance of value JL. At the sending end, elimination of 
reflection calls for: 


# a w, \* 
nn ofE¥s- GD: 
C w (62) 
Xo = 1dwl ; 
The reactance X, now required is that of a negative inductance, 


Six-section high-pass conical lumped line between audion amplifiers. 


which, like the negative capacity required for the low-pass filter, is 
not available practically. 

11. Example of Calculation and Application.—The calculation 
of the constants of a simple conical filter may be illustrated by 
considering a practical application (Fig. 8). In Fig. 8 the high- 
pass filter L.C, is shown as a connecting link between the tubes 
of an audion amplifier. The input resistance Ry is the interna! 
plate resistance of the tube, assumed to be 5000 ohms and the out 
put resistance R,, across which the second tube is connected, is 
taken to be equal to 50,000 ohms. For non-reflection the resist 
ances must agree with the characteristic line impedances, thus : 


Rr= i? a and Ry = att , (63 
1 1 


where a and / are the terminating section numbers. Taking th: 
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ratio: V R,/R,=!/a. Let N denote the number of sections used ; 
then /~a+N and: 


(64) 


from which to determine a and N, or a from N. In our case a 
is approximately equal to 3, so that if N =—6 sections then a= 3 
and the six sections to be used will lie between 3 and 9. The 
inductance and capacity are related by the formula for the eut- 
off frequency : 


(65) 
Then from (63) 
(66) 


ifw.=1 x 10°(A=19,000m.), L is then found from (65) to be 
2.5 millihenries. These are the values of C and L in the first 
section; their values for the sections from 3 to 9 (constituting 
the part of the filter to be used) are easily calculated from the 
law of variation (36). The values so computed are marked in 
the figure. Finally the value of the terminating inductance at 
the output end is found to be /L=22.5 mh. No attempt is 
made to reduce the reflection at the input end which arises from 
the inductive reactance of the line. The effect of this component 
of line impedance will be to limit the current at the higher fre- 
quencies. If this is undesirable some improvement may be effected 
by connecting a condenser in series or changing the value of the 
first series condenser so that this reactance will be neutralized 
at some particular frequency. Other impedance combinations 
may likewise be devised which will improve the transmis- 
sion characteristic. 
White Haven, Penna. 

October 1, 1926. 

LIST OF SYMBOLS. 

E =Transverse voltage amplitude in smooth line. 
I! =Current amplitude in smooth line. 
Z, =Series impedance per unit length at point +, smooth line. 
Z; =Shunt impedance per unit length at point +, smooth line. 
k -=Propagation factor of smooth line= V/ z;/z:. 
2, =Series impedance per unit length at +=1, smooth line. 
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2,2 Shunt impedance per unit length at = 1, smooth line. 

x =Distance along smooth line from origin. 

n -=Exponent in law of impedance variation in Bessel line. 

Z; = Characteristic impedance, uniform line. 

Z (—>) =Z (out.) = Characteristic impedance of non-uniform line for wav 
advancing from origin (left to right). 

Z (<—) = Z (in.) = Characteristic impedance of non-uniform line for wav 
approaching origin (right to left). 

X =Reflection coefficient at sending end of line. 

Y =Reflection coefficient at remote end of line. 

= Current amplitude (series) in the mth section of lumped line. 

= Voltage amplitude between mid-series and ground in mth section oi 

lumped line. 

Z’, = Series impedance in a section of lumped line. 

Z’, = Shunt impedance in a section of lumped line. 

z’, = Series impedance in first section of lumped line. 

2’, = Shunt impedance in first section of lumped line. 

m = Section number in lumped line. 

k’ = Propagation factor for lumped line. 

w =Angular velocity = 22 x frequency. 

w, =Angular velocity corresponding to cut-off. 


NOTES FROM LIGHTING RESEARCH LABORATORY, 
NATIONAL LAMP WORKS OF THE GENERAL 
ELECTRIC COMPANY .* 


PROPORTIONS OF RED, GREEN AND BLUE IN SYNTHETIC 
WHITE LIGHT. 


By A. H. Taylor. 


PRACTICALLY any color of light, including white, can be 
produced by mixing red, green and blue light in varying propor- 
tions. The production of white by such mixtures is somewhat 
astonishing to anyone unfamiliar with the phenomenon. Further- 
more, few if any of those familiar with it know the proportions 
of the different colors required to produce a good white or color- 
less light. Evidently the relative intensities of the different colors 
will depend on the saturation of the colors used. 

Some tests have recently been made to produce white light by 
the use of available colored glass media used with gas-filled 
tungsten lamps. In the table below data are given for two 
combinations. 


Relative Values of the Components of Approximately White Light, 
Produced by Mixing Red, Green and Blue. 


Approximate Relative Pro- Relative Wattages 
Transmission of B gy? in of Clear Lamps Used 
Color. Colored Media. hite Light. with Colored Media. 


Light red 32% 
Dark green 57% 
Dark blue 11% 


Light red 19% 5% 
Strong yellow-green 71% 32% 
Dark blue 10% 63% 


Evidently this method of producing white light is very ineffi- 
cient, as only 3 to 5 per cent. of the light from the clear lamp is 
utilized. 


* Communicated by the Director. 


584 GENERAL Exectric Company NOotEs. [J. F. 1. 


VISION AS INFLUENCED BY A LIGHT-SOURCE IN THE 
FIELD OF VIEW. 


By L. L. Holladay. 


It HAs been shown ? that a light-source in the field of view 
causes an increase in the minimum perceptible brightness differ 
ence between an object and its background. On the assumption 
that this increase resulted from an increase in the adaptation 
brightness of the fovea it was found that the increase of adapta. 
tion was approximately proportional to the illumination at the 
eye from the light-source, and inversely proportional to the square 
of the angle between the line of vision and a line from the eye to 
the light-source. 

The term “ safety-factor of visual contrasts’ has been pro 
posed for the ratio between the actual contrast of brightness 
between an object and its background and the minimum percep- 
tible brightness contrast under the conditions of adaptation exist- 
ing at the instant of observation. Using this safety-factor as a 
measure of visibility, a study was made of the effect of a light- 
source, in the field of view, upon the visibility of a dark-gray 
object upon a light-gray background. If the light-source illumi 
nated the eye but not the object, it was found that the visibility 
of the object was impaired, but less impaired the greater the 
initial brightness of the background. When the light-source was 
five degrees out of the line of vision and illuminated the eyes and 
background equally, it was found that the light-source aided vision 
only for very low initial brightnesses of background. When the 
light-source was five degrees out of the line of vision and tlx 
background had an initial brightness of 0.1 ml., it was found 
that for a constant safety-factor of ten (for any illumination 
from the light-source ), its illumination upon the background must 
be 2.7 times its illumination at the eyes. Thus it was found that 
the ratio of illumination upon the background to its illumination 
at the eye must be greater than a definite minimum in order that 
it should aid instead of hinder vision. This minimum ratio of 
illuminations for non-interference of vision decreases as the ang'e 
between the line of vision and the light-source increases. 

1 Published in Jour. Opt. Soc. Amer. and Rev. Sci. Inst., 14, No. 1, p 
January, 1927. 
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THE RELATION BETWEEN EXTENT AND CONTRAST 
FOR THE THRESHOLD VISUAL STIMULUS’ 


By P. W. Cobb and F. K. Moss. 


THE sensitivity of vision may be measured in several ways. 
Perhaps the simplest is the use of the test-card of the ophthal- 
mologist to determine the smallest letters which the subject is 
capable of reading. Another measure of visual sensitivity is used 
in photometry, in which the subject adjusts one part of a bright 
field until it matches the remainder as nearly as possible. In the 
first case the letters of the test-card stand in sharp contrast with 
the white card upon which they are printed and the measured 
quantity is the minimal size of letter recognizable. In the case 
of the photometer, the areas to be matched are gross, and the 
threshold difference in brightness is of importance. 

These two forms of visual sensitivity are special cases at the 
extremes of a continuous series of possibilities and it is obvious 
that there must be some sort of complementary relationship 
between size of the object and brightness-difference when the 
object is at the threshold-point of visibility. Thus for each grade 
of contrast there is a threshold size of object and vice versa. The 
quantitative relation between these two has been determined, hold- 
ing constant the other two variables of visual stimulus, namely, 
duration of exposure time and brightness level. 

The experimental results gave a relation between contrast C 
(per cent. maximum) and size of object S (minutes visual angle) 
which can be expressed by the equation : 

(C-a) (S-—d)™=b 
in which a and d are values that C and S will approach asymptoti- 
cally, and m and 6b are constants. 

In the actual experiment, the exposure-time was held constant 
at 0.150 second and the brightness level at 20 millilamberts, and 
for these definite conditions, the constants in the equation: 

(C-—1.28) (S—0.56)*%% = 13.97 


were computed from the average of numerous results from nine 
subjects. 


Adhesives and Adhesion. True Chemical Compounds as 
Adhesives. J. W. Barn and W. B. Ler. (Proc. Royal Soc., 
A765.)—“ Adhesives are usually regarded as ill-defined substances 

*To be published shortly in Jour. Exper. Psych. 
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of a colloidal nature, typified by glues, gums, resins, pastes and the 
like. It is the object of the present communication to show that pure ' 
substances can fully rival many of the common adhesives.” This 
work is a part of an extended investigation of adhesives carried on 
by a committee of the Department of Scientific and Industrial 
Research. In an earlier report one of the authors working with a 
different collaborator stated that most common adhesives forme: 
strong joints with metals. The strength of the joint reached two 
tons per square inch with shellac and its derivatives. They pointe: 
out that true adhesion must occur when strong joints are formed with 
surfaces of polished metal or of optically polished silica or with truce 
crystalline surfaces. There is no place here for the penetration o! 
the adhesive into the pores or irregularities of the surface which lea«s 
to an effect simulating true adhesion. 

The metal surfaces used were the fresh and carefully made, but 
not optically polished, ends of bolts. The two adhering surfaces were 
of the same material. The temperatures of the two metal pieces and 
of the adhesive originally in solid form were raised only a little 
above the melting temperature of the latter. A sliding motion brought 
the test pieces together in a manner to get rid of bubbles and unneces- 
sary liquid. The two pieces were carefully aligned and let stand for 
some days, when the force needed to pull them apart was found. 
Among the substances investigated were benzophenone, salol, dex 
trose, Rochelle salt, cholesterol, T.N.T., and paraffin wax. As would 
be expected, the tension needed to pull the two surfaces apart 
depended both on the adhesive and on the metal. The force was 
usually between 100 and 1000 pounds per sq. in. 

With optically plane surfaces the strength of the joint was meas- 
ured when a liquid was between the ends. This amounted to only a 
few pounds per square inch. 

The experiments indicate possibilities in the use of pure sub- 
stances as adhesives that merit exploration. For example, between 
nickel surfaces the tension to break them apart when Rochelle sali 
was used was 1300 lbs./sq. in. while with marine glue it was the not 
much larger amount, 1550 Ibs./sq. in. With regard to the thickness 
of the layer of adhesive the authors say, “ We have been impressed 
with the importance of the rule ‘ the thinner the film, the stronger the 
joint.’ This has been invariably substantiated whenever the film was 
still complete. It even extends to results obtained with liquids.” 
It was also found that with the same adhesive in different states the 
joint strength was least with the liquid substance, greater with the 
substance crystallized and greatest with it in an amorphous form 
This is in accord with the observation made in stressing pure metals 
that the fracture first comes, not at the irregular boundaries between 
the crystals, but across crystals. In many cases the strength of t! 
joint was about the same, no matter whether tested by tension 


by shear. G. F. S. 


NOTES FROM THE RESEARCH LABORATORY, 
EASTMAN KODAK COMPANY.* 


PANCHROMATIC NEGATIVE FILM FOR MOTION PICTURES.’ 
By L. A. Jones and J. I. Crabtree. 


THE first part of the paper deals with the fundamental physi- 
cal and psychophysical relations which are fundamental to a thor- 
ough understanding of the rendition of the brightness of colored 
objects by the photographic process. The nature of radiation and 
light is discussed briefly. The meaning of the term “ visibility 
of radiation” is defined and quantitative data relative to this 


function are given. The sensitivity of different photographic 
materials to radiations of different wave-lengths is discussed and 
illustrated by spectrograms and curves. The characteristics of 
light sources used in motion-picture work are discussed in detail 
and curves showing the spectral distribution of energy in the 


radiation from sunlight, skylight, tungsten lamps, arcs of various 
kinds, and the mercury-vapor lamps are given. One section deals 
with the nature of color, it being shown that the color of light is 
due to a spectral distribution of radiation different from that 
which is capable of exciting the gray sensation, while the color of 
non-luminous objects is due to the selective absorption of the 
radiation incident thereon. Examples are then given showing 
the difference between the rendition of brightness by ortho- 
chromatic and panchromatic motion-picture film. The advantages 
obtained by using panchromatic film in motion-picture work are 
outlined. These include the correct rendition of visual bright- 
nesses, thus enabling the artist or cameraman to obtain with 
greater certainty the desired composition. The uncertainties and 
disagreeable appearance of present make-up methods are elimi- 
nated. The general atmosphere of the set has a greater sem- 
blance of naturalness and reality, etc. The use of panchromatic 
film, both regular and of special type, for such purposes as the 


* Communicated by the Director. 

*Communication No. 290 from the Research Laboratories of the Eastman 
Kodak Company and published in Trans. Mot. Pict. Eng., 10, October, 1926, 
p. 131. 
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enhancement of brightness contrast, elimination of haze, obtain 
ing moonlight effects, etc., is given. The last section of th 
paper deals with the handling of panchromatic film in the dark 
room. The questions of satisfactory safelights, dark room 
illumination levels, etc., are discussed. 


IMPREGNATING WOOD WITH PARAFFIN.’ 
By L. W. Eberlin and A. M. Burgess. 


SPRUCE impregnated with paraffin was found to withstand 
the action of acid and alkaline solutions with a minimum absorp 
tion of moisture and consequent swelling. The experimental 
work conducted to determine the most suitable kind of wood 
impregnant, and method of impregnation is described. A prac 
tical method for the large-scale impregnation of spruce with 
paraffin is given. It was found that for the impregnation of wood 
with paraffin and similar substances the degree of impregnation 
was enhanced by the presence of 15 to 20 per cent. or more o/ 
moisture in the wood. 


ON THE RELATION BETWEEN TIME AND INTENSITY IN 
PHOTOGRAPHIC EXPOSURE, V.’ 


By L. A. Jones, V. C, Hall, and R. M. Briggs. 


THE effect of different developers and development times has 
been studied in detail. There is practically no difference in the 
curves of constant density for developers of widely different 
characteristics when development is carried out to the same point 
with each developer. A change in development time has no effect 
on the shape of the curves of constant density, but usually changes 
the position of optimal intensity. The results support the con- 
clusions that the variation in sensitivity of individual silver halicle 
grains with intensity follows a law similar to that of the whole 
emulsion, that all silver halide grains follow the same function, 
differing chiefly in the intensity for which the sensitivity is a 
maximum, and that at all intensities a grain is either entire!) 
unaffected by the light falling on it or made completely developable. 


* Communication No. 283 from the Laboratories of the Eastman Kodak 
Company and published in the Ind. and Eng. Chem., 19, January, 1927, p. 87 

* Communication No, 292 from the Research Laboratories of the Eastman 
Kodak Company and published in J. Opt. Soc. Amer., 14:223 (1927). 
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ON THE MEASUREMENT OF RESOLVING POWER OF 
PHOTOGRAPHIC MATERIALS.‘ 


By O. Sandvik. 


THE general practice among more recent workers in measur- 
ing the resolving power of photographic materials has been to 
photograph, in a reducing camera, on the particular material 
under consideration, some type of test-object. Much of this 
work has been done with a test-object consisting of a series of 
pairs of parallel lines the distance between the centres of which 
varied. The resolving power is defined to be numerically equal 
to the reciprocal of the distance, in millimetres, between the 
centres of the pair of lines just resolved. It has been assumed in 
some cases that only the periodicity, that is, the distance between 
the centres of the lines, and not the relative width of the lines 
to the separating opaque space was of importance. The present 
paper describes a new parallel line test-object whose ratio of 
width of the line to the space varied from 0.040 to 40.0. The 
results obtained with this test-object show a large variation in 
resolving power depending upon the value of the above ratio. 
For the range investigated, a linear relationship exists between 
the resolving power and the logarithm of this ratio. 

The lack of agreement between the measurements made with 
the fan and the parallel line test-objects has been due, in part at 
least, to the fact that the ratio of the line to the space of the 
former was usually slightly less than unity while that of the 
latter was frequently much larger. 


AN IMPROVED TYPE OF ILLUMINATION FOR USE IN 
METALLOGRAPHIC AND MINERALOGICAL MICROSCOPY.’ 
By L. E. Jewell. 


THE paper describes an illuminator adapted for certain kind 
of microscopy. The novel features are a half prolate ellipsoidal 
hole in a stellite mirror, inclined at an angle of 45° to the micro- 
scopic axis, and a “nose piece” iris diaphragm. The light 

*Communication No. 289 from the Research Laboratories of the Eastman 
Kodak Company and published in the J. Opt. Soc. Amer., 14, February, 1927, 
p. 169. 

*Communication No. 291 from the Research Laboratories of the Eastman 
Kodak Company and published in the J. Opt. Soc. Amer., 14, February, 1927, 


Pp. 159. 
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coming from one side is reflected by the mirror down through 
one-half of the objective (except the central portions). The 
result is specular reflection from polished plane surfaces of th 
object which are perpendicular to the microscopic axis. This light 
passes back through the outer portions of the other half of the 
objective. This light irregularly or diffusely reflected from the 
object passes through the objective, and the hole in the mirror, 
as well as the unobstructed half of the objective, and gives a reliei 
effect. The iris diaphragm limits the intensity of the specular 
reflection to any desired intensity. The nose piece diaphragm is 
also very useful where transparent objects are examined. The 
advantage of a wide-angled beam of light illuminating the struc 
tural detail of the object is retained. Illustrations show detailed 
plans of the illuminator and photomicrographs are given. 


A PHOTOGRAPHIC METHOD OF SPECTROPHOTOMETRY IN 
THE RED AND INFRA-RED.’ 


By A. L. Schoen. 


FOLLOWING the discovery of neocyanine, a new photographic 
sensitizing dye for the red and infra-red, photographic spectro 
photometry in this region of the spectrum has been simplified 
considerably. Spectrophotometric apparatus consisting of a prism 
spectrograph, polarization photometer, and small “ high intensit) 
arc lamp ” will be described. With this equipment the absorption 
curves for the Wratten light filters and several photographic 
sensitizing dyes have been measured from 500 to 900 mu. 


Potassium Xanthate as a Reagent.—Irvin A. Koren (Chemis'- 
Analyst, 1926, 48, 6-7) recommends a 10 per cent. aqueous solution 
of potassium xanthate as a reagent for metals. It must be used in 
excess, and is of especial value when the metal forms several series 
of salts. Thus potassium xanthate yields a pale yellow precipitat: 
with mercuric salts and a black precipitate with mercurous salts, : 
black precipitate with ferric salts and a light brown precipitate wit!) 
ferrous salts, a greenish-yellow colloidal precipitate with ferricyanides 
and no change with ferrocyanides. Si: £1. 

* Communication No. 293 from the Research Laboratories of the Eastma 
Kodak Company and published in J. Opt. Soc. Amer., 14, February, 1927 
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THE PREPARATION OF CHLOROVANILLIN AND SOME OF 
ITS DERIVATIVES.’ 


By Raymond M. Hann and G. C., Spencer. 


[ ABSTRACT. ] 


A SEARCH of the available chemical literature having brought 
to light only a preliminary note on the preparation and properties 
of a chlorinated derivative of vanillin, the preparation and proper- 
ties of chlorovanillin and some of its more common aldehyde 
derivatives were studied in the Bureau of Chemistry. 

A method was devised for the preparation of chlorovanillin. 
The aldehyde is characterized by the preparation of the following 
derivatives: Oxime, hydrazone, phenylhydrazone, diphenylhydra- 
zone, semicarbazide and thio-semicarbazide. 

Condensation of chlorovanillin with cyano-acetic ester yielded 
ethyl-a-cyano-3-methoxy-4-hydroxy-5-chlorocinamate which, upon 
acid hydrolysis, gave the corresponding acid. 

Schiff’s bases were obtained by interaction of the aldehyde 
with aniline and B-naphthylamine. 


THE PREPARATION OF ALIZARIN FROM PHTHALIC 
ANHYDRIDE AND ORTHO-DICHLOROBENZENE.’ 


By Max Phillips. 


[ ABSTRACT. ] 


THE synthesis of anthraquinone from phthalic anhydride and 
benzene, by the application of the Friedel and Crafts reaction, has 
of late become commercially important. This synthesis was made 
commercially feasible by the development in recent years of 
improved processes for the manufacture of phthalic anhydride 
and aluminum chloride. The applications of this synthesis are 
quite general, and a number of derivatives of anthraquinone are 
thus prepared commercially. 

The Bureau of Chemistry has conducted a series of experi- 


. Communicated by the Chief of the Bureau. 
* Published in Jour. Am. Chem. Soc., 49, No. 2, pp. 535-537 (Feb., 1927). 
* Published in Jour. Am. Chem. Soc., 49, No. 2, pp. 473-478 (Feb., 1927). 
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ments on the preparation of 2,3-dichloro-anthraquinone from 
phthalic anhydride and o-dichlorobenzene and on the conversion 
of the dichloro-anthraquinone into alizarin. 

A synthesis of alizarin from phthalic anhydride and 
o-dichlorobenzene is brought about by the condensation of 
phthalic anhydride, o-dichlorobenzene and anhydrous aluminum 
chloride into 3'-4’-dichloro-2-benzoylbenzoic acid, and the con 
version of this acid, by means of sulphuric acid, into 2,3-dichloro 
anthraquinone. Upon fusion with alkali the dichloro-anthraqui 
none is converted into alizarin. 

The claim of Sprent and Dodd that 2-chloro-anthraquinone is 
obtained by the condensation of phthalic anhydride and o-dichloro 
benzene could not be confirmed. 


THE SOLUTION PHENOMENA WITH VARIATION IN 
HYDROGEN-ION CONCENTRATION :’ 


By Walter C. Holmes and Julius F. T. Berliner. 


[ABSTRACT. ] 


CoMPARATIVELY little information is available in the literature 
respecting the behavior of aqueous solutions of dyes with varia 
tion in hydrogen-ion concentration. Limited data bearing upon 
indicator application have been collected and tabulated by Clark 
in his “ Determination of Hydrogen Ions.’”’ Somewhat indefinite 
information on the behavior of dyes in general with acids and 
alkalies is also recorded in Schultz’s “ Farbstofftabellen ” and in 
the more comprehensive tables of the “Colour Index of the 
Society of Dyers and Colourists.” 

The Bureau of Chemistry has outlined a system whereby the 
behavior of aqueous solutions of dyes with variation in concentra 
tion of hydrogen and hydroxyl ions is determined and recorded. 
The data obtained find their principal utility in the identification 
of dyes. 


Atomic Weights.—The table of Atomic Weights, 1927 (/ow 
Am. Chem. Soc., 1927, 49, 583-590) gives the following new values: 
Hafnium, 178.6; helium, 4.000; holmium, 163.5; lead, 207.22; tit 
nium, 47.90; yttrium, 89.0; and zirconium, 91.22. The values for tlie 
other seventy-seven elements ate unchanged. ae 3. 


* Published in Am. Dyestuff Reporter, 16, No. 2, pp. 81-84 (Feb. 7, 192) 


THE FRANKLIN INSTITUTE. 


(Proceedings of the Stated Monthly Meeting Held Wednesday, 
March 16, 1927.) ‘ 


THE meeting was called to order at eight-nineteen p.m. by the President, 
Wm. C. L. Eglin. He announced that the minutes of the previous meeting 
had been printed in full in the March number of the JourNnAt of the Institute 
and that unless there were objection, they would be approved as printed. No 
objection was uttered and the minutes as printed were therefore declared 
approved. 

The Secretary announced for the information of the meeting that since the 
February meeting eleven new members had been added to the enrolment, of 
whom seven were Resident, two were Non-Resident, and two were Student 
members. 

He announced also, with regret, the death of one Resident member. 

The President then introduced as the speaker of the evening, Dr. C. H. 
Kunsman, Physicist, the Bureau of Soils, U. S. Department of Agriculture, 
who read an important paper on “ The Thermionic Emission from Iron Alkali 
Mixtures Used as Catalysts in the Synthesis of Ammonia.” Doctor Kunsman 
talked especially of the work which had been done in the Bureau of Soils in 
the production of a surface catalyst. He told of important results which had 
been obtained through its use. 

The paper of the evening was followed by a discussion, participated in by 
Prof. K. T. Compton, of Princeton University, and Prof. W. F. G. Swann, 
of Yale University. Professor Compton especially spoke in high appreciation of 
the importance of the work done by Doctor Kunsman. 

The meeting was adjourned at nine-nine, by the President, with an expres- 
sion of hearty thanks to Doctor Kunsman for his valuable paper. 


Howarp McCLEeNAHAN, 
Secretary. 
COMMITTEE ON SCIENCE AND THE ARTS. 
(Abstract of Proceedings of Stated Meeting Held Wednesday, March 2, 1927.) 


HALL oF THE COMMITTEE, 
PHILADELPHIA, March 2, 1927. 
Mr. M. M. Price, in the Chair. 
Thirty-seven members present. 
The following report was presented for final action: 
No. 2865: Literature. 


The Louis Edward Levy Medal to Dr. W. D. Coolidge, of 
the General Electric Company, Schenectady, N. Y., for his 
paper entitled “ The Production of High-voltage Cathode 
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Rays Outside of the Generating Tube,” appearing in the 
December, 1926, issue of the JouRNAL or THE FRANKLIN 
INSTITUTE. 
The iollowing reports were presented for first reading: 
No. 2834: Centrifugal Flotation Machine. 
No. 2866: Brass Swing Check Valve. 
‘ Grorce A. Hoan ey, 


Secretary to Commitlec. 


MEMBERSHIP NOTES. 
ELECTIONS TO MEMBERSHIP. 


(Stated Meeting, Board of Managers, March 9, 1927.) 


RESIDENT. 

Mr. Louis B. Bonn, Mechanical Engineer, Christiana Machine Company, 
Christiana, Penna. 

Mr. Francis M. Brooke, Banker, Fifteenth and Locust Streets, Philadelphia, 
Penna. For mailing: Bryn Mawr, Penna. 

Mr. Georce W. Eaton, Jr., Electrician, 1915 South Twelfth Street, Phila 
delphia, Penna. 

Mr. Russet, H. Kent, Mechanical Engineer and Executive, Clifton Heights, 


Penna. 
Mr. J. T. W. MarsHa tt, Research, Victor Talking Machine Company, Camden, 


N. J. For mailing: 1718 Pine Street, Philadelphia, Penna. 

Mr. JouN VaNnG. Post es, Assistant to Chief Engineer, Philadelphia Gas 
Works, 1401 Arch Street, Philadelphia, Penna. 

Dr. Joun W. Stockwett, New Church Book Center, 2129 Chestnut Street, 
Philadelphia, Penna. 


LIFE. 
Mr. Tuomas M. Rector, 5 Courier Street, Rutherford, N. J. 


CONTRIBUTING. 
Mr. A. F. Bascock, Engineering Assistant, Traffic Department, Eastern Area, 
The Bell Telephone Company, 1631 Arch Street, Philadelphia, Penna. 
Dr. Leo Benr, Research Engineer, Leeds and Northrup Company, 4901 Stenton 
Avenue, Philadelphia, Penna. 


NON-RESIDENT. 
Major K. K. V. Casey, Director of Sales-Smokeless Powder, E. I. duPont de 
Nemours and Company, Wilmington, Del. For mailing: 5060 duPont 
Building, Wilmington, Del. 
Mr. ALEXANDER C. Voct, Chemical Engineer, National Fire Protection Associa- 
tion, 85 John Street, New York City, N. Y. For mailing: 255 Hicks Street, 
Brooklyn, N. Y. 
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STUDENT. 
Mr. GLENDEN J. DunLap, Student, Northeast High School, Philadelphia, Penna. 
For mailing: 3224 North Seventh Street, Philadelphia, Penna. 
Mr. S. Mitton Ramso, Student, 406 Linden Street, Camden, N. J. 
CHANGES OF ADDRESS. 
Dr. Epwarp G. Acueson, 689 Fifth Avenue, New York City, N. Y. 
Mr. Georce W. Bircu, Jr., 7427 Bond Avenue, Upper Darby, Penna. 
Pror. Joun J. Caton, University of Detroit, Detroit, Mich. 
Mr. Joun W. Hornsey, 2 Whitehall Court, London, S. W. 1, England. 
Mr. Bartram A. Owen, 802 Weightman Building, 1524 Chestnut Street, Phila- 
delphia, Penna. 
Mr. Louts A. Parsons, 394 First Street, Walla Walla, Wash. 
Mr. W. S. SLoatMAN, Supervisor, Reading Company, Mahanoy Plane, Penna. 


NECROLOGY. 
Mr. Frank A. Brunner, 910 Filbert Street, Philadelphia, Penna. 


LIBRARY NOTES. 


RECENT ADDITIONS. 
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BOOK REVIEWS. 


Quantitative ANALysis. By Stephen Popoff, Ph.D., University of Lowa. 

Second edition, xix-559 pages, 68 illustrations, 8vo. Philadelphia, 

P. Blakiston’s Son and Company, 1927. Price, $4. 

A comparison of this volume with a copy of Fresenius’ manual as used by 
chemists in the middle years of the last century will show the strides that 
applied chemistry has made and the direction in which it has gone. The earlie: 
work was a standard for inorganic analysis, and was almost the analysts’ Bible. 
Fresenius’ strong leaning towards the purely empirical treatment of analytical 
problems is said to have been due to his dissatisfaction with the genera! 
acceptance by chemists of the unitary system, that is, the system by which, for 
instance, copper sulphate was written CuSO, instead of CuO,SOs. The 
younger generation of chemists cannot appreciate the bitterness with which this 
change was met, which included also much antagonism to the doubling of th: 
atomic weights of certain elements such as oxygen and carbon. It is said that 
when Fresenius found that the unitary formulas were sure to be generally 
adopted, he abandoned all interest in theoretical chemistry and devoted his ener 
gies to the purely practical side. Inorganic quantitative analysis can be carried 
on without more than a trifling reference to the principles of the science. The 
results of an analysis of copper sulphate can be checked with equal accuracy) 
by either of the formulas given above. It is worth noting that mineralogists 
are tending somewhat to use the old-fashioned binary formulas. They find, or 
think they find, better methods of classifying groups of minerals unde: 
that system. 

While, as just said, routine mineral analysis may be carried on without 
reference to theories, progress in the science needs the codperation of theory 
It is not, however, merely the presentation of principles that distinguishes 
this book from older manuals of quantitative analysis, but the extensive appli 
cations of physical chemistry. The books of the last century did not concern 
themselves with the nature of the atom, the conditions of solutions, the law o! 
chemical equilibrium and the many other data which now figure so conspicuously 
in works on both pure and applied chemistry. How far an elaborate discussion 
of these physico-chemical principles will aid the general run of students 
develop accuracy in their analytical work may be a question for serious dis 
cussion. All teachers have experience of the great inequality of minds o! 
students as far as calculations are concerned. There seems to be in modern 
works of chemistry an undue tendency to complicate calculations, substituting 
simple arithmetic by methods of an algebraic nature. It seems, indeed, that 
the SGrensen scheme of expressing hydrion concentration is unnecessaril) 
complex. A more direct form might have been devised. Some commendable 
simplifications in spelling, such as “ buret” and “ pipet,” are noted in the book, 
but the symbol for hydrion concentration is an awkward one, and it is to | 
regretted that there has not been a general adoption, in this country at least, 
of the form used by American biologists, pH. Here and there throughout t 
book, typographic errors are noticeable, among which may be mentioned in t!« 
table of contents, “ phosphorous” several times. 
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The book contains a large amount of information on modern methods of 
inorganic analysis and on the theoretical side with elaborate explanation of the 
physico-chemical principles applicable to analytical problems. 

Henry LEFFMANN. 


Mopern Astronomy: Its Rise AND Procress. By Hector Macpherson, M.A., 
Ph.D. vi-—196 pages, illustrated, small 8vo. New York, Oxford University 
Press, American Branch, 1926. Price, $2. 

This is a popular treatment of the subject but goes quite comprehensively 
into the history of astronomy and the development of the modern information 
and theories. In examining a book of this kind, one turns with some interest 
to the discussion of Mars which is a sort of storm centre in modern popular 
astronomy. It is to be regretted that the author has been so enthusiastic in 
his presentation of what may be called the “Lowellian” views as to Mars. 
The popular view concerning the possibility of Mars having intelligent beings 
on its surface seems to be based very largely, as so many other popular views 
are, upon a mistranslation. When Schiaparelli saw the lines on the Martian 
surface he called them in his own language “ canali” which means “ channels.” 
The word, was unfortunately translated “canals,” and this has come into the 
English language, apparently permanently, concerning this ruddy-faced planet. 
“Channels,” of course, suggest natural conditions; “canals” carry with them 
the idea of intelligent purposeful construction. Thus an important point is 
gained before the general public in developing the notion that Mars contains 
beings capable of doing work. The phantasy does not stop here. Changes in 
the tint of the surface are ascribed to the growth and disappearance of vege- 
tation and even some suggestions are made as to the character of this. It is 
true that the author in speaking of Schiaparelli’s work states that the word 
he used means “channels,” but he uses “canals” in all reference to the mark- 
ings on Mars. Speculation has gone so far as to suggest that there are 
beings on that planet who are comparable to ourselves and it may be remem- 
bered that during the recent near approach to the earth, an American astrono- 
mer made the remarkable request that broadcasting should cease for a limited 
time in order that any message from Mars might be detected. Imagination 
has no place in scientific work except possibly as a suggestion for research, 
certainly not in inferential matters. So far as the general text of the book 
is concerned, it is very readable and doubtless will afford to the unscientific 
reader considerable entertainment and interest, but it is greatly to be regretted 
that the interpretations have been so liberal and there has not been more of close 
scientific criticism presented. Henry LerrFMANN. 


‘ 


‘ ‘ 


Tae Dia, Macuine, an apparatus for the elementary mathematical laboratory. 
By T. C. J. Elliott. 93 pages, 18.4 x 12.7 cm., flexible cloth. Peterborough, 
The Peterborough Press, 1926. Price, 4/6. 

The Dial Machine is a means of illustrating mechanically the idea of 
functions and variables. The “machine” is rather a system than a definite 
mechanism. A form which is illustrated consists of a square board upon 
which are mounted nine dials with graduations. These dials are arranged 
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in square form in three rows and three columns, and each one is provided with 
a stationary pointer at which the angular movement may be read. The axles of 
the dials which pierce the board may be coupled by gearing arranged at the 
opposite face of the board. The gearing may be covered and made inaccessible 
to the operator so that the angular movements of the dials may be read without 
a knowledge of these connections. 

The plan of operation contemplated is to tabulate against the motion of a 
given dial the motions of the others. That is, regarding the motion of the 
operating dial as the independent variable, to determine the value of the func 
tions from the movements of the others. Many variations may be made 
including, by the use of epicyclic gearing, functions of more than one variable 

What advantage there is in a device of this kind over representation by 
coérdinated graphs is not apparent. The dial machine can represent only 
linear functions, while by the common graphic method functions of any 
character may be represented. The graph method, moreover, can be practi- 
cally applied to the analysis or design of complex mechanisms by plotting 
against a common base, which represents the movement of a driving element, 
the movements of each component operating part. Lucten E. Picorert. 


INTERPOLATION. By J. F. Steffensen, Sc.D., Professor of Actuarial Science 
at the University of Copenhagen. ix—248 pages, 23 x 15 cm., cloth. Balti 
more, The Williams and Wilkins Company, 1927. Price, $8. 


The process of interpolation by the method of differences as applied to 
the construction of mathematical tables or to statistical data to which the 
method is applicable has long been developed into a form suitable for practica! 
use, and adequate texts are available which cover the details of these and 
other applications. The author of this volume points out that despite those 
developments a non-rigorous point of view is still dominant in existing texts 
and that formulas and methods developed on the assumption that the function 
under consideration is a polynomial are also applied to functions which are not 
defined. The work of recent investigators, he further states, has developed a 
number of formulas with remainder terms in a form suitable to the ready 
determination of the limits of error. The present text, which is based upon 
lectures of the author to actuarial students at the University of Copenhagen, is 
in harmony with these recent developments. 

The reader is reminded that the work is a text-book and not a reference 
manual, a fact which becomes apparent upon encountering the subtilities of the 
operator notation which is employed. The compass of the work is best set 
forth by an enumeration of the topical headings, which are as follows: Intro 
duction, Displacement-Symbols and Differences, Divided Differences, Inte: 
polation-Formulas, Some Applications, Factorial Coefficients, Numerical! 
Differentiation, Construction of Tables, Inverse Interpolation, Elementary 
Methods of Summation, Repeated Summation, Laplace’s and Gauss’s Sum 
mation-Formulas, Bernoulli's Polynomials, Euler’s Summation-Formula, Lub 
bock’s and Woolhouse’s Formulas, Mechanical Quadrature, Numerical Integra 
tion of Differential Equations, The Calculus of Symbols, Interpolation with 
Several Variables, Mechanical Cubature, On Differential Coefficients 
Arbitrary Order. 
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The critical consideration of the remainder term in the development of 
the formulas and the reduction to a practical form of this term adapted to 
numerical application in determining the limits of error of a derived value is 
a unique and valuable feature and in some cases a real necessity. Some twenty 
pages at the beginning of the work are devoted to an explanation of the 
special notations adopted and to the demonstration of theorems to be applied 
in deriving the formulas. Every feature in the derivation of an applicable 
formula is minutely examined and examples worked out in detail illustrate the 
conditions under which each should be used. Attention is also given to errors 
arising from “rounding off” tabular values. In this division, as indeed 
throughout the work, derivations are made in the most general terms. 

The author places a rather high estimate on the analytical capacity of 
readers of limited mathematical attainment in saying: “The mathematical 
equipment required in order to master this book is very small.” As such things 
are viewed here, only a reader well trained in analytical operations, and pre- 
sumably of considerable mathematical attainment, could profitably undertake 
a perusal of the work. As to the considerable price, a perfunctory examina- 
tion discloses costly type-setting of a multiplicity of special symbols on nearly 
every page which, it should be mentioned, constitute an unusually creditable 
piece of mathematical typography. 

This presentation of the subject of interpolation is deductive, rigorous and 
exhaustive in character, and probably no other text-book in English combines 
all of these qualities in the degree attained in this one. 

Lucien E. PIco.et. 


INTRODUCTION TO CONTEMPORARY Puysics. By Karl K. Darrow, Ph.D. 453 
pages, illustrations, 8vo. New York, D. Van Nostrand Company, 1926. 
Price, $6. 

Readers of the Bell System Technical Journal have followed with interest 
the series of articles on “Some Contemporary Physics,” by Dr. Karl K. 
Darrow, member of the Technical Staff. 

These articles have now been collected, many of them being recast and 
expanded into book form and published under the title “ Introduction to Con- 
temporary Physics.” 

The surprising changes that have taken place in physics in the past quarter 
of a century make this book of especial value in that it brings together, in 
consecutive and logical order, the phenomena that have been studied and the 
theories that have been developed to account for them. The discovery of 
X-rays and radio-activity demand an explanation, and this led to an attack 
upon the atom, the indivisible unit of Dalton—and this attack resulted in giving 
us as many complex structures for the atom as there are elements. 

The author devotes his first and second chapters to a discussion of the 
experimental electron and the experimental atom. The “ experimental” atom 
the author defines as the atom found in nature—the atom having measurable 
qualities of mass, magnetic moment and charge. These are distinct from the 
various atom-models that have been suggested from the various theories. A 
similar distinction is made between the electron-model and the “ experimental ” 
electron which is discussed in the first chapter. 
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In the next chapter, which treats of the experimental atom, positive ions, 
isotopes, the masses of atoms and their magnetic moments are considered. The 
periodic table of the elements and the service that it has rendered are considered, 
followed by a discussion of radio-activity. 

In a discussion of waves and quanta we are reminded of the contest 
between the believers in the corpuscular theory upheld by Newton and those 
who accepted the wave theory of Descartes and Huygens and are told of th 
experimental verification of that theory by the researches of physicists from 
Fresnel and Young to Michelson and Rayleigh. 

Since the field covered in this book is one’ in which the phenomena are the 
results of the activity of the atom and the electron, it was to be expected that 
attempts would be made to visualize the construction of the atom. 

A study of the periodic table with its atomic numbers and of the spectrum 
of hydrogen resulted in the first of the atom-models, a miniature of the sola: 
system, modified as required by the conditions. How this first model has been 
changed and the reason for it is clearly described in the parts dealing with 
Bohr’s atom-model for hydrogen and ionized helium and in models for atoms 
with more than one electron and for molecules. 

The purpose of the author in bringing together atomic phenomena, their 
experimental investigation and their interpretation is a most worthy one, and 
he deserves great credit for the success of his presentation. 

The field covered, though fundamental, is a restricted one, and the reader 
must not suppose that advances and discoveries in other fields of physics 
should be overlooked. Grorce A. Hoan ey. 


Tue New Heat Taeorem, Its FounpATIOoNS In THEORY AND EXPERIMEN’ 
By W. Nernst, Professor at the University of Berlin. Translated from 
the second German edition by Guy Barr, B.A., D.Sc. xvi-281 pages, 
21.5 x 14 cm., cloth, New York, E. P. Dutton and Company, 192¢ 
Price, $4. 

The classical thermodynamics of Carnot, William Thomson, Clausius and 
Rankine contain little reference to other applications than those of powe! 
generation and most of the subsequent investigations and writings have been 
with that end in view. In the course of time the abstract relationships between 
pressure, volume and temperature which enter into all processes of physica! 
change were applied in the field of chemistry, and modern treatises on theoreti 
cal chemistry, such as the “ Theoretical Chemistry” of Doctor Nernst, employ 
these relationships freely, as indeed other dynamical theorems which, only 1 
modern times, have been utilized in formulating the facts of that science. A 
much broader field for the investigation of the validity of existing laws and new 
avenues for their extension is thus available to the experimenter. 

The New Heat Theorem was first developed and its important applications 
indicated in a paper published in January, 1906, in the Nachrichten der Gese!!- 
schaft der Wissenschaften su Géttingen and later the subject was amplified 
and appeared in book form. The present volume is translated from the second 
German edition. The author reviews the fundamental laws of thermodynamics 
and describes at length the derivation and formulation of the heat theorem 
Since its first announcement, much experimental material and theoretical amp! 
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fication have become available. All of this is included in the book. The work 
is an important and possibly an epoch-making contribution to the science 
of thermodynamics. 


NATIONAL Apvisory CoMMITTEE For AERONAUTICS. Report 248, The Corrosion 
of Magnesium and of the Magnesium Aluminum Alloys Containing Man- 
ganese. By J. A. Boyer. 38 pages, illustrations, quarto. Washington, 
Government Printing Office, 1926. Price, twenty cents. 

Mr. Boyer, Chief Chemist of the American Magnesium Corporation, at the 
request of the Subcommittee on Materials for Aircraft of the Committee has 
prepared an exhaustive report on this important subject. The tentative con- 
clusions drawn from the experimental facts of the investigation are as follows: 

The over-voltage of pure magnesium is quite high. On immersion in salt 
water the metal corrodes with the liberation of hydrogen until the film of 
corrosion product lowers the potential to a critical value. When the potential 
reaches this value it no longer exceeds the theoretical hydrogen potential plus 
the over-voltage of the metal. Rapid corrosion consequently ceases. When 
aluminum is added, especially when in large amounts, the over-voltage is 
decreased and hydrogen plates out at a much lower potential than with pure 
magnesium. The addition of a small amount of manganese raises the over- 
voltage back to practically that of pure metal, and the film is again protective. 

Report 250, Description of the N. A. C. A. Universal Test Engine and 
Some Test Results. By Marsden Ware. 15 pages, illustrations, quarto. Wash- 
ington, Government Printing Office, 1927. Price, ten cents. 

The 5-inch bore by 7-inch stroke single cylinder test engine, used at the 
Langley Field faboratory of the Committee in laboratory research on internal- 
combustion engine problems, is described and some results of tests are included. 

The engine is arranged for variation over wide ranges, of the compression 
ratio and lift and timing of both inlet and exhaust valves while the engine 
is in operation. Provision is also made for the connection of a number of 
auxiliaries. These features tend to make the engine universal in character, 
and especially suited for the study of certain problems involving change in 
compression ratio, valve timing, and lift. 

Incidental to investigations of carburetor and fuel injection engine problems 
considerable data have been obtained which indicate the effect of changes of 
compression ratio on friction horsepower and volumetric efficiency. From this 
and some other work, it appears that with a change in compression ratio from 
5 to 13, the friction horsepower obtained by motoring the engine increases by 
about 15 per cent. The volumetric efficiency of the engine was found to remain 
practically unchanged between compression ratios of 5.3 and 7.3 with carburetor 
operation and between 9.5 and 13 with fuel-injection operation. 

The results of some tests are presented also that show the power obtained 
when operating as a carburetor engine on aviation gasoline at compression 
ratios in excess of that which will permit full throttle as a normal engine and 
controlling detonation by throttling the intake charge and by varying the inlet 
valve timing. For fixed compression ratios in these tests throttling gave the 
least power while variation of the inlet valve closing time with the opening 
time kept fixed gave the greatest power for the conditions tried. 
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Report 255, Pressure Distribution over Airfoils at High Speeds. By H. L 
Briggs and H. L. Dryden. 42 pages, illustrations, quarto. Washington, Gov 
ernment Printing Office, 1927. Price, fifteen cents. 

This report deals with the pressure distribution over airfoils at high speeds, 
and describes an extension of an investigation of the aerodynamic characteristics 
of certain airfoils which was presented in N. A. C. A. Technical Report No 
207. The work was carried out at the request and with the financial assistance 
of the committee. A large compressor plant at Edgewood Arsenal was mac 
available for the experiments through the courtesy of the Chemical War 
fare service. 

The results presented in Report No. 207 have been confirmed and extended 
to higher speeds through a more extensive and systematic series of tests 
Observations were also made of the air-flow near the surface of the airfoils 
and the large changes in lift coefficients were shown to be associated with a 
sudden breaking away of the flow from the upper surface. 

The tests were made on models of 1-inch chord and comparison with the 
earlier measurements on models of 3-inch chord shows that the sudden change 
in the lift coefficient is due to compressibility and not to a change in the 
Reynolds Number. The Reynolds Number still has a large effect, however, 
on the drag coefficient. 

The pressure distribution observations furnish the propeller designer with 
data on the load distribution at high speeds, and also give a better picture of 
the air-flow changes. 


PUBLICATIONS RECEIVED. 


Pharmaceutical and Medical Chemistry, by Samuel P. Sadtler, Ph.D., Virgi! 
Coblentz, Ph.D., and Jeannot Hostman, Ph.G. Sixth edition revised and 
rewrittten by Freeman P. Stroup, Ph.M. 748 pages, illustrations, 8vo. Phila 
delphia, J. B. Lippincott Company, 1927. Price, $7. 

Quantitative Analysis, containing Theory and Practice of Modern Analytica! 
Chemistry with Problems and Explanations of Calculations, by Stephen Popoff, 
Ph.D. Second edition. 559 pages, illustrations, 8vo. Philadelphia, P. Blakiston’s 
Son and Company, 1927. Price, $4. 

Equilibria in Saturated Salt Solutions. A summary of the results of the 
study of the heterogeneous equilibria which exist in aqueous solutions o/ 
electrolytes, by Walter Charles Blasdale. American Chemical Society Mono 
graph Series. 197 pages, illustrations, 8vo. New York, The Chemical Catalog 
Company, Inc., 1927. Price, $4.50. 

Properties and Testing of Magnetic Materials, by Thomas Spooner. 385 
pages, illustrations, 8vo. New York, McGraw-Hill Company, Inc., 1927 
Price, $5. 

Modern Astronomy; Its Rise and Progress, by Hector Macpherson, Ph.D 
196 pages, illustrations, plates, 12mo. New York, Oxford University Press 
1926. Price, $2. 

Marvels of Modern Mechanics. The mastery of land, sea and air, by Harold 
T. Wilkins. 280 pages, illustrations, plates, 12mo. New York, E. P. Dutt 
and Company, 1927. Price, $3. 
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National Advisory Committee for Acronautics. Technical Notes, No. 255, 
Precision of Wing Sections and Consequent Aerodynamic Effects, by Frank 
Rizzo. II pages, illustrations, photograph, quarto. Washington, Com- 
mittee, 1927. 


Volumetric Determination of Cuprous Oxide—Cuartes S. 
Bisson and J. Gorpon SEweE Lt, of the University of California 
(Jour. Asso. Official Agric. Chem., 1927, 10, 120-124), have devised 
a new procedure for the volumetric determination of the cuprous 
oxide which is precipitated by reducing sugars. The cuprous oxide 
is collected on an asbestos filter, then treated with an excess of 
a standard solution of potassium permanganate in the presence of 
sulphuric acid. An excess of a standard solution of ferrous sulphate 
is next added. The resulting solution is titrated with the standard 
solution of potassium permanganate to the usual pink end point. 
However, if sufficient copper be present to impart a blue color to the 
solution, then the end point is a change from blue to lavender. 
Knowing the total volume of standard potassium permanganate solu- 
tion and of standard ferrous sulphate solution used, the mass of 
cuprous oxide is readily calculated. je ee 


Pilot Balloons Supply Upper-air Wind Data. (U. S. Depart- 
ment of Agriculture, Press Service, Clip Sheet No. 454.)—The work 
of the Weather Bureau in studying upper-air conditions by means of 
pilot balloons has recently been compiled in the form of an aerological 
survey of the United States for the benefit of aviators. The direction 
and velocity of the winds at different flying levels have been carefully 
studied and tabulated in such form that any given region can be 
studied separately. In general, it has been found that surface veloci- 
ties differ little with season, latitude, or wind direction. From the 
surface to about 500 metres elevation winds of all directions usually 
veer and increase in velocity, these tendencies being most pronounced 
with southerly winds. The terms southerly, westerly, easterly, and 
northerly are understood to mean coming from those directions. At 
higher levels velocities continue to increase above westerly winds, but 
they often decrease slightly above easterly winds. These changes are 
accompanied by continued veering above southerly winds, but by a 
backing or reversing above northerly winds, the result being a fairly 
close approach to a westerly direction, except that winds above north- 
east to east surface winds are very irregular. The changes with 
season and latitude, small at the surface, increase decidedly with alti- 
tude. In general, the highest velocities and the nearest approach to a 
westerly direction occur when and where the poleward temperature 
gradient (change with latitude from warm in the south to cold in the 
north) and therefore the poleward pressure gradient (change in 
pressure from high in the south to low in the north) are most marked 
—that is to say, in winter and in the northern part of the country. 
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CURRENT TOPICS. 


Meteorological Conditions and Sound Transmission. E. 5S. 
PLAYER. (Quarterly J. Roy. Meteorological Soc., Oct., 1926.)—As 
long as mankind continues to rely upon information received by sounds 
that have come long distances so long will the conditions that modify 
audibility receive attention both for their scientific interest and for 
their practical importance. In the years 1921-1922 a series of experi 
ments on this subject was conducted off the coast of England by 
Mr. Player, who is a technical assistant in the Acoustical Section of 
the Air Defence Experimental Establishment. Like his predecessor 
in this type of investigation, John Tyndall, he was assisted by the 
Elder Brethren of Trinity House, who control the coast lights of the 
country. The source of sound was a siren on the North Goodwin 
light-vessel a few miles from the North Foreland, the point in Kent 
farthest to the east and on the south side of the Thames estuary. The 
pitch of the siren was practically constant at 180 vibrations per second. 
At the observing station measurements were obtained by the record 
of deflections of “a galvanometer connected to a Wheatstone bridge, 
one arm of the latter being formed by a doubly-resonated hot-wire 
microphone, which acted as a receiver.” 

As proof of the rapidity with which acoustical conditions changed 
with consequent variation in the loudness of the sound heard a series 
of galvanometer deflections caused by blasts from the siren at inter 
vals of one minute may be cited. The first deflection was 1; the 
second, a minute later, was 4; the third, 1; the fourth, 0. In one 
case a deflection of 6 is preceded by two readings of 1 and followed 
by three of 1. The most irregular succession is 1, 0, 8, 1, 1. The 
experiments were ended by the siren becoming inaudible and remain- 
ing so for half an hour. As a wind was blowing the variations in 
the strength of the signals was at first ascribed to it, but on a later 
day there was an even more pronounced difference, though only a 
light wind prevailed. It seemed therefore that the cause of variability 
must be sought in changes of physical variables other than wind 
velocity. A curve is given showing close correlation between audi 
bility and humidity. They rise and fall together. “ The writer watched 
the pen (of the hygrograph) falling, while listening at the same time 
to the sound dying down to inaudibility.” The effects of rain were 
by no means consistent. “ Sometimes when the siren was blowing, 
but inaudible, it would become audible during a period of rain and 
die out again when the rain stopped ; on the other occasions the exact 
opposite was the case.” For sounds starting from sources close to 
the surface of the earth audibility was worst on “ oppressive ” days. 


when the air was quiet, the sky cloudless, shade temperatures !i¢h 
and temperatures in sunlight low, with a haze dimming the sun. 
604 
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The results given above held for sounds travelling in a general 
horizontal direction. Another set of observations was made on the 
sounds originating in an airplane flown after sunset. Such sounds 
came down in a roughly vertical direction through air in which the 
arrangement of physical properties is different from that in a hori- 
zontal path. “ The range of audible transmission was good on every 
occasion that the general humidity of the atmosphere at all levels was 
high, and usually, but not always, poor when it was low.” This is 
attributed to the close association of high humidity with homogeneity 
of the atmosphere. The only meteorological factor that varies with 
a rapidity equal to the rate at which audibility changes is humidity. 
The author adduces an instance when in 4% minutes a hygrograph 
showed a change in relative humidity of 15 per cent., there being 
meanwhile no change of temperature or of other conditions. 

In this paper the effect of change of temperature receives less 
consideration than would be expected. In one airplane flight there 
were parts of its course from which the sound was audible. 

After the reading of this communication before the Royal Meteor- 
ological Society the discussion that followed brought out some inter- 
esting facts. Mr. Bonacina stated that in Essex during the war the 
sound of gun fire at a long distance would be heard only from May 
to August, while in some other parts of Europe audibility was con- 
fined to the winter months. He had noticed that firing was heard 
more distinctly inside a wood than outside it. i 3. S. 


On the Densities of Particles in Smoke. H. S. PATTERSON 
and R. W. Gray. (Proc. Royal Soc., A764.)—If the size of small 
particles is to be determined by their rate of fall in air or other gas, 
a knowledge of their density is needed. This is often taken to be 
the same as that of the substance in large quantities—an assumption 
probably correct for liquids and for solids in certain cases but not 
true for solid particles with a loose structure. Such a structure has 
been shown to exist for large particles in the cases of smokes made 
up of the oxides of cadmium, zinc and magnesium. “ Further, it 
seems probable that the smaller particles of so-called ultra-microscopic 
size in these smokes also possess a similar structure, since they are 
formed in the same way and consist most likely of a number 
of primaries.” 

In what follows the “ density of a particle ” means the density of 
a sphere of the same mass as the particle, which falls through air 
at the same rate as the particle. If the particle be composed of 
several parts irregularly grouped, the density as just defined would 
be expected to be less than that of a homogeneous sphere of the 
substance. Consider, for example, a gram of glass wool. Let the 
time be found that it takes it to fall to feet. Melt the wool into a 
single sphere of glass. This will fall through the 10 feet in a less 
time than the wool, though its mass is the same. Thus to get a 
sphere of the same mass and the same time of fall, its density must 
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be reduced. Kohlschutter and Tuscher, working with electrically 
precipitated smokes, found their densities to be much less than that 
of the normal substance. The smoke of aluminium oxide, as an 
example, had only 5 per cent. of the density of the oxide in bulk 
They further found “that the density of smokes of the same substance 
varied greatly according to the method of production. 

The author attacks the problem of the density of smoke particles 
by the use of the method Millikan applied so successfully to the 
determination of unit electronic charges. The motion of smoke par- 
ticles was observed while they were acted on by a vertical electrostatic 
field as well as by gravity, or by the latter alone. Their electrical 
charges were varied by bringing radium near. From the data thus 
obtained the density can be calculated. “Cadmium oxide, silver 
and gold were produced by making an arc between poles of the 
various metals in a cubic metre chamber. Magnesium oxide was 
made by burning magnesium ribbon, and mercuric chloride and mer- 
cury by volatilization from an electrically heated boat.” The calculated 
densities are remarkably small. For gold smokes they range from 
8.0 to .21, though gold itself has the value 19.3. In the case of 
cadmium oxide the smallest density was for a particle that was seen 
to consist of a chain of parts. “ The simplest interpretation of the 
results is to assume that the smoke particles are loosely packed 
aggregates, made of primaries, which are in many cases ultra- 
microscopic.” An additional conclusion is reached, that smoke par- 
ticles are in reality considerably larger than has been supposed, 
indeed often being of microscopic and not of ultra-microscopic 
dimensions. This was confirmed by microscopic examination of the 
particles that settled upon slides. Their complex chain or ring struc- 
ture was often visible. G. F. S. 


The Thermal Conductivity of Vitreous Silica. G. W. C. Kave 
and W. F. Hicetns. (Proc. Royal Soc., A764.)—While vitreous 
silica is growing more important, but little is known of its thermal 
conductivity. Eucken and Barratt both have determined it but their 
results are not in agreement. For instance, at 100° Eucken’s value 
is nearly twice that of Barratt. 

The method employed in this investigation is that of the “ divided 
bar,” due to Sir Oliver Lodge in 1878. “A bar of metal heated at 
one end and cooled at the other is divided by a plane perpendicular 
to its axis, and a plate of the material under test is interposed. | 
follows that, under steady conditions of heat flow, the ratio of the 
conductivities of the specimen and of the bar is equal to the inverse 
tatio of the temperature gradients in the specimen and in the bar 
immediately adjacent to the specimen.” Aluminum bars were used 
on account of the high conductivity of this metal and of its freedom 
from oxidation. Since the divided bar method gives only a ratio, it 
was necessary to measure the conductivity of aluminum. The pu) 
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numerical value of the thermal conductivity was found to be .54 in 
c.g.s. units with an increase in the third decimal place of one unit 
for each 50° C. increase from 50° to 250° C. 

The divided aluminum bar was 14 in. long and, after it had 
been cut into two pieces 74% and 6% in. long, the cut surfaces were 
made optically flat and polished, thus securing good thermal contact 
with the similarly treated surfaces of silica. The lengths of the three 
specimens of silica used were I, 1.5 and 2 mm., respectively. Thermo- 
couples were used to measure temperatures. The apparatus was put 
in a thermostatic enclosure so that the mean temperature could be 
varied and the conductivity determined at different temperatures. 
This was found to be, in c.g.s. units, .0033 at 60° and .0036 at 
240° C. Further measurements were made with plates of natural 
quartz 1/10 in. thick. When the heat flowed parallel to the optical 
axis the conductivity fell from .0222 to .0186 when the temperature 
rose from 68.1 to 104.3°. With the heat flowing perpendicular to 
the axis a rise of temperature from 70.4° to 105.5° causes the coeffi- 
cient to decrease from .0129 to .o116. It is thus seen that amorph- 
ous vitreous silica has a much greater conductivity than quartz and 
that an elevation of temperature increases the conductivity of silica 
but reduces that of quartz. G; F. S. 


Experimental Contributions to the Theory of the Process of 
Diffusion. E. Witke and W. StRATHMEYER. (Zeit. f. Physik, 40, 
Nos. 1 and 2.)—Since Fick in 1855 gave to the law of diffusion its 
classical form, experiments in this field have not lacked. One result 
has been to show that the constant of diffusion of Fick’s formula is 
in reality no constant but a variable depending upon the concentration 
of the solution in question. The methods early used to study diffu- 
sion depended upon determining the concentration at different levels 
by finding the quantity of diffusing substance in a somewhat extended 
volume. Such methods were not fine enough to reveal the connection 
between concentration and coefficient. The optical method of Otto 
Wiener made this possible, yet even this was not adequate to the 
study of a relation between the coefficient and the gradient of diffu- 
sion. The need was for a method of learning the concentration at any 
instant and at any point in the solution. The author believes he has 
found a way of doing this by the use of little floats of capillary glass 
tubing. They are I mm. in diameter and about 2 cm. long, and they 
must float horizontally in a liquid of uniform density. Such floats 
cannot be made according to specifications. Five thousand were made 
and from these were selected those that combined a proper specific 
gravity with the quality of floating in the position desired. “ The 
accuracy of the measurement of concentration by this means is extra- 
ordinarily great.” The position of a float is readily determined to 
mm. It was found that the distance traversed by a float under the 
influence of diffusion was affected by the occurrence of slight vibra- 
tions in the vessel. As would be expected, slight changes of tem- 
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perature are even more effective in disturbing the orderly progress 
of diffusion. For example, a lamp held for a few seconds near one 
end of a float makes it take a slanting position. Similarly the heat 
from the observer’s body produces the same effect. 

Three acids were studied, HCl, HI and HBr. For all three the 
coefficient increases with the. concentration. In the case of H1! its 
value is four times as great when the specific gravity is 1.59 as when 
itis 1.014. Furthermore there seem to be two maximum values of the 
coefficient at concentrations twice and fourfold normal. Another 
regularity showed itself in this, that in general the coefficient for any 
concentration grew larger with the progress of time. G. F. S. 


The Measurement of Transmission and Reflection of Sound 
by Partitions of Felt. A. H. Davis and T. S. Lirtier. § (Phil. 
Mag., Jan., 1927.)—Sound may pass from one side of a partition 
to another in at least three ways. The waves may find a path through 
openings or holes. They may set up longitudinal vibrations in the 
partition which, having traversed its thickness, causes waves in thie 
air on the distant side, or the partition may be made to vibrate as a 
whole, the air beyond it being caused to vibrate by its motion. The 
last method seems the most important in the transmission of sound 
through solid partitions. 

W. C. Sabine gave a method for measuring the transmission of 
sound through a substance. Sheets of the material were placed 
across an opening joining two adjacent rooms. A sound was pro- 
duced in one and the duration of its audibility after cessation was 
measured in both of them. “ Unfortunately, the method requires 
very large rooms and would usually involve the erection of a special 
building.” F. R. Watson, of the University of Illinois, devised a less 
expensive plan of measurement, which the author employéd in his 
experiments. The test material in sheets 5 ft.x 4 ft. was fixed 
across an opening between two sound-proof rooms where ceiling, 
floor and walls were covered with absorbing material. Waves from 
an electrical loud-speaker were directed by a paraboloid mirror upon 
the sheets. Absorbing screens were located in both rooms where their 
presence would reduce the intensity of the sound reflected and avoid 
the formation of stationary waves. A telephonic device was used to 
measure the sound transmitted. It was proved by examination that 
merely putting the sheets into position did not change the performance 
of the source of sound. Measurements were made of the intensity 
of sound in the beam reflected back into the room where the loud 
speaker was located and also of the intensity in the transmitted beam 
“In the reflection room the general intensity in positions screene( 
from direct radiation from the loud-speaker is only about 0.13 pe! 
cent. to 4 per cent. of the intensity in the transmitted beam.” Vit! 
a frequency of 2000 it made considerable difference in the reflected 
sound whether the test material across the opening was stretched 
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smoothly or not. With 700 vibrations per second, the difference 
became negligible. 

Of the substances tested a blanket turned out to be the best 
transmitter of sound while its reflecting power was small. Felt 
transmitted only 21 per cent. as large a part of the incident pressure- 
amplitude as did the blanket, but it reflected nine times as much. 
Hair-felt in thicknesses of one, two, three and four layers was used 
across the opening. For frequencies ranging from 250 to 1600 one 
layer transmitted about .3 of the energy falling on it, but when more 
layers were applied, the ratio of transmission varied considerably with 
the pitch of the sound. For example, with a frequency of 1600 four 
layers transmitted .o02 of the incident energy, while they transmitted 
.04, twenty times as much, of the energy falling on them, the fre- 
quency being 250. G. F. S. 


Philosophical Apparatus of Joseph Priestley.—C. A. BrRowNeE 
(Jour. Chem. Ed., 1927, 4, 184-199) describes the apparatus used 
by Joseph Priestley during his life in America and still in existence. 
The major portion is in the Priestley Museum at his old home at 
Northumberland, Penna. His apparatus, formerly exhibited in the 
U. S. National Museum, has been deposited at Northumberland as an 
indefinite loan. Certain pieces of his apparatus are in the possession 
of Dickinson College at Carlisle, Penna.; and his air-pump is the 
property of The Franklin Institute. } mE A 


The Measurement of Air Quantities and Energy Losses in 
Mine Entries. A. C. CALLEN and C. M. Smirn. (Bulletin No. 
158, Engineering Experiment Station of the University of IIli- 
nois.)—The importance of ventilation in coal mines with respect to 
safety cannot be over-emphasized.. With the increase in the size of 
modern mines and the very gassy condition of some of them the 
problem of handling large volumes of air in the mine so as to have 
efficient and safe ventilation at reasonable cost becomes increas- 
ingly difficult. 

Very little work has been done in determining the laws governing 
the flow of air in mines. The Atkinson formula, R = ksv*, proposed 
in 1854, stating that the mine resistance, or the total resistance to flow, 
varies directly as the rubbing surface and the square of the velocity, 
has been considered satisfactory for most uses. 

Within the last three or four years the United States Bureau of 
Mines has carried on some investigations on this subject and important 
information has been obtained regarding coefficients of friction and 
certain features of air-flow. The quantity of air was measured by 
pitot-tube traversing at a specially-constructed air-measuring station 
and a study of the results obtained indicates a high degree of accuracy. 

Since the building of special air-measuring stations at operating 
mines involves considerable expense, the primary object of the investi- 
gation was to see whether pitot-tube traversing methods could be 
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applied with reasonable accuracy at any desired location without build- 
ing a measuring station and without special preparation of the section. 
As a secondary feature it was planned to secure pressure-loss data in 
conjunction with the velocity measurements in order to obtain infor- 
mation on the magnitude of the so-called “ friction” losses, as well 
as of the losses due to splitting, special resistances, etc. 

Among the conclusions drawn were the following: 

(1) It is possible to measure air quantities in coal-mine airways 
by pitot-tube traversing methods and to obtain check results that are 
reasonably accurate when it is remembered that the quantity of air 
flowing in a mine airway is a varying quantity, being affected by a 
number of mine activities. 

(2) While check results can be secured by anemometer traversing 
yet the values thus obtained are much higher than the true quantities 
It seems improbable that anemometer determination can be relied on 
unless the anemometer is calibrated under the exact conditions of use. 

(3) The effect of the disturbances on ventilation produced by th« 
normal operating activities of the mine is very marked. Not only are 
there appreciable changes in quantity but the pressure losses show 
great fluctuations due to the changes in the circulation of the aii 
caused by opening and closing of doors and by trips of cars obstruct- 
ing the entries. 
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